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SEPTEMBER, 1940 
UTILIZING SUN RAYS 
By Dr. C. G. ABBOT 
\cCCORDING to the clearness of the day Willsie and Bi bout thirty-five 
sun’s beam contains energy at the ago, developed the use of a shallow bla 
of from 1.0 to 1.5 calories per square bottomed por f water to absorb hi 
meter per minute at the earth’s sur- sufficient to operat : r diox 
On a square meter of surface at gine at a low temperat Then 
eht angles to the beam, this corresponds at Needles, Arizona, is des hed in F 
from 1.02 to 1.52 horsepower per gineering News, May 13, 1909.) O 
square meter, or to the raising of 0.16 to count of the consi 
().24 kilograms of water at 20° to steam solar rays, the reflection from thes 
at 100° C Thus the counties of Grant, of the pond and its glass cover and tl 
Sierra, Hidalgo and Luna in New Mexico, low thermodynan factor asso 
w the southern part of Florida from with the low temperature, their efficie 
line connecting Sarasota with Fort factor was, of course, ve1 ow, 8 
Pierce, receive as much energy from the the area required per horsepower was 
sun per year as is used annually for all fully a hundred times that given abo 
purposes—power, heat and light—in the On the other hand, the heat collector was 
; United States relatively inexpensive 
Several drawbacks have hitherto pre Giovanni Andri, of Milan, has 
vented extensive use of solar energy for stalled a number of solar power plants 
power and other purposes. They are: in Italy and Africa in which the h 
First, the considerable area required to is a blackened flat metal box, ha 
“olleet large quantities of power as com- limited adjustment about a_ horizonta 
pared to other prime moving sources. axis, and also operating a low-tempera 
\ Second, the wandering of the sun in the’ ture engine Except for reflection, th 
: | sky by day and by season. Third, the considerations just mentioned for the 
} intermittence of solar radiation caused —black-bottomed pond will probably app 
p by clouds and night. It is true that for to his device, although I have no exa 
s some limited purposes, including the information as to its performance 
evaporation of water and the heating of Of devices intended to follow the s 
4 water for domestic uses, these objections the two most noted of recent times 
ire not very serious But for the main that of A. G. Eneas, en ploved about 
s object, solar power, they are all of conse thirty-five vears ago to pump water at 


quence, Two devices have indeed been South Pasadena. and that ol tl ¢ E ister! 


ised with some suecess to avoid following Sun Power Limited, near Cairo, Eg 


he wanderings of the sun in the sky used for irrigation in 1913 (see Smit! 
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GENERAL VIEW FROM SOUTH OF SHUMAN-BOYS ABSORBER, MEADI 


THIS DEVICE WAS ERECTED BY THE EASTERN SUN POWER LIMITED NEAR CAIRO, EGYPT, AND 0 
IN 1913 IN CONNECTION WITH A STEAM ENGINE FOR PUMPING WATER FROM THE NILE FO 
PURPOSES rHE SUN’S RAYS SHINING UPON THE LONG TROUGH-LIKE MIRRORS WI! 

FOCUS UPON A METAL STEAM BOILER TUBE WITH A WEDGE-SHAPED CROSS SECTION, 


FROM A SYSTEM OF MIRRORS WAS COLLECTED IN THE STEAM PIPE LEADIN( O THE ENGI 


ENGINEERS CLAIMED AN EFFICIENCY GREAT ENOUGH SO THAT THE DEVICE CO D PRA‘ 
PETE WITH COAL IN THAT COUNTRY FAR FROM MINES 
(7 | sonian Report, 1915 Mr. Eneas 
H : j conical frame of steel, some 30 
7 
—— diameter, lined with glass mirrors 
H < J 2 
a mounted to follow the sun both f1 
to west daily, and from north 








seasonally. <A boiler in the focus 





steam for power. However, the 1 





was too complex and costly for 





cial SUCCESS. The English devel 


near Cairo came nearest to com! 








success of any, unless possibly the 


VILLSIE SUN POWER PLANT > WT: : P 
WILLSIE SI POWER PLANT ened pond of Willsie and Boyle. | 
WATER FROM THE DISTRIBUTING TANK D. T. APTER ; a: . . P 
' : - ploved eylindrical metal mirrors : 
FLOWING THROUGH THE GLASS-COVERED TROUGHS 


steam in lone tubular boilers at the 





H. H. H. ABSORBING SOLAR HEAT IS STORED IN THE , 
STORAGE TANK S. T. THIS HOT WATER Gives up and rotated the mirrors about hor 
ITS HEAT IN THE VAPORIZER V AND IS SENT BACK axes to approximately follow tl 
BY THE CIRCULATING PUMP C. P. TO THE DISTRIB from east to west daily. 
UTING TANK. SINGLE-HEADED ARROWS INDICATE : ; 

: In recent times the advances in 
THE FLOW OF THE WATER. EMERGENCY STEAM ; 
BOILER, B, FOR CLOUDY PERIODS. SULFUR Dioxins OPMent of aluminum alloys, a1 

. 





FLOWS IN THE DIRECTION OF THE DOUBLE-HEADED vacuum technique, have greatly s 
ARROWS FROM THE VAPORIZER COILS TO THE EN fied the design of efficient solar 


GINE E, THE EXHAUST VAPOR GOES TO THE CON , s : 
' , : devices. With these industrial adv 
DENSER C. THE LIQUID SULFUR DIOXIDE Is_, , pape 
RETURNED BY THE FEED PUMP F. P. To THE VAPor- |S to be combined an application o 
IZER. THE DISTRIBUTING TANK IS SMALL. established astronomical practice t 








UTILIZING 


a cheap and effective SO! 
power problem 


is familiar to astronomers, though, 
atent records show. not so much so to 
neers, that the simplest way to follow 
sun in its daily course is to mount 
per hour about 
axis parallel to the axis of 


large installations, 


device to rotate 15 


the earth 
covering square 
s rather than square inches, mirrors 
far cheaper than lenses. As for 


owing the sun from north t 


= Sanili 


also 


2) south 


om June to December, this involves. at 


100 sq 


simplest, motions abont two axes, and ! 


requires means of transferring heat from alarm clock 
, moving boiler to a stationary engine. current 


HALF HORSEPOWER 


TO THE INTERNATIONAI 
SHEET WERE MOUNTED EAST 


ON THE EARTH. 


SOLAR ENGINE 
AS EXHIBITED 


POWER CONGRESS 
AND WEST IN 
THE SOLAR RAYS STRIKING THE MIRRORS \ 
THERMOS BOTTLES CONTAINING THE HIGH 

PASSED BY CIRCULATION 
SMALL OPENING. 


A FRAME WHICc!I 


BOILING POIN 
GRAVITY 


TO A BOILER AT 
THROUGH A 4 FEW DAYS LATER 


A COUNTRY-WIDE BROADCAS 
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FLASH BOILER AND TOY SOLAR COOKER 


THE PRESENCE OF ROLLING CLOUDS IN THE SKY FREQUENTLY SPOILS AN OTHERWISE EXC! 
CLEAR DAY FOR THE LARGE APPARATUS, FOR THE LARGE CAPACITY OF HEAT OF THE BOILER 

4 LONG TIME TO RAISE STEAM TO THE PROPER PRESSURE, 4 FLASH BOILER HAS THEREF‘ 
DEVELOPED IN WHICH THE BOILER TUBE HAS A VERY SMALL CAPACITY FOR HEAT, AND 
INTRODUCED ONLY AS FAST AS THE STEAM IS MADE, IN THIS APPARATUS THE MIRROR IS MO 
ON AN AXIS PARALLEL TO THE AXIS OF HE EARTH AND IS ROTATED BY A WHEEL MECHANISM 
BY A 60-CYCLE SYNCHRONOUS MOTOR FULL PRESSURE OF STEAM IS RAISED WITHIN 

OF THE TIME THE SUN BURSTS OUT OF THE CLOUDS. IN FRONT OF THE FLASH BOILER IS SHOW 
TOY COOKING APPARATUS IN WHICH LITTLE GIRLS BAKE DOLLS’ CAKES AND LITTLE BOYS 


SOLAR ENGINES IN OPERATION, 


worm-and-wheel drive, operated by a wetting, now polish off with abso: 
synchronous motor. <A large, well-bal- cotton apparently as brightly refi 


anced mirror, supported on rollers, can as ever. 
be moved thus with the expenditure of The stationary heater-tube of | 
less than 1/1000 horsepower in elee- ened metal, about which the mirro! 
tricity. tates, passes through hollow trum 
For the construction of the mirror, a It is closely surrounded by a va 
eradle of duralumin, having a parabolic jacket of pyrex glass, in the form 
cross section, is made. To this is clamped elongated thermos bottle. In the ‘‘fl 
down by metal straps thin sheets of solar-boiler device, the thermos bott 
** Aleoa,’’ of highly reflecting and per closed at the bottom, and water is 








manent surface, which is now a commer- into the boiler in a small metal 
cial article by the Aluminum Company of which discharges within the lower 
America. Such a mirror reflects about The water flashes into steam, which ex 
80 per cent. of solar radiation. I have above the top of the mirror towards 
several such mirrors, now five vears old, engine. 


which, despite dust and an occasional In the solar distilling device, there 
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UTILIZING 


voir for the water to be distilled at 
evel of the upper part of the mirror 
uut-tube passes downwards parallel 

d under the mirror, turns upwards 
eht angles and again bends at right 

es as a gigantic U to form the black 
heater-tube. Inside of the heater 
there returns through the U. and 

» through the water of the reservoir 
amtube. There is an opening at the 
vest point from the steam tube thro iol 
snout where condensed water drips 
»a receptacle It will be seen that 
water to be distilled is preheated in 
wling the steam, so that only the latent 
at of evaporation needs to be supplied 
With one solar distillation, I have 
ade, from Atlantic Ocean stock, water 


pure that it gives no cloud with silver 


trate The vield from a mirror of 
about 11 square feet is about 2 gallons 
per day, in fine weather The distiller 


s automatic, and works whenever the sm 


shines unclouded 


_—— a 


DIAGRAM OF SOI 
THE MIRROR, AAA. IS MOUNTED TO ROTA’ oO 
HE SOLAR RAYS COME TO FOCTS o> HE BOILER 
THE BOILER TUBE IS OF BLACKENED METAL SURRO 


rO THE BOILER. 


4 SMALI 











Si) ( 


(>t 








a 
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The flash boiler for power purposes is 


also automatic The supply of water is 
governed by the temperature of the boiler 
tube. Thus as soon as the sun comes out 
of a cloud, water begins to flow. The 


stroke of the pump is governed by boiler 
temperature, and increases as the sun 
rays grow stronger, until the flow of the 
water is so rapid that no increase of tem 
perature occurs. I have been accustomed 
to use steam pressures up to 150 pounds 
per square inch Pressure comes to 
maximum in about 5 minutes, so that 
days when clear unclouded sky is ocea 
sionally beset by cumulus clouds cover 
ing the sun are still useful for power 

As a boiler, the efficiency is about 64 
per cent. With a thermodynamic factor 
of 34 per cent. and a turbine efficiency 
of 75 per cent. the efficiency of convert 
ing solar radiation to actual power comes 
out about 15 per cent. Thus with 4 to 7 
square meters of mirror surface, accord 
ing to the clearness of the atmosphere, 
there should be \ ielded 1 horsepower In 
mechanical work 

When one considers the storage of 
power to cover times of cloudiness and 
night, it is obvious that the more cloudy 
parts of the world will not be used profit 
ably for solar exploitation. But in desert 


conditions it seems probable that if a flasl 


boiler were connected to a grid of 
pipe within a strong evylinder, 
heated water might be accumulated 
which steam could be drawn whet 
solar heating is unavailable 
Cooking by solar radiation is 
done. In devices for this purpos: 
round the oven with a space filles 
black liquid of high boiling point 
arrange a gravity circulation bet 
this liquid sheath and a thermos 
filled with the same liquid, and fix 
the focus of a mirror The oy 
preferably protected from loss of 


a thick laver of insulation, such as 


wool 
There is great public interest 
utilization Letters come almost 


from parties interested in one 01 
the uses I have described But 
well-actine models exist of the 
boiler, the solar distilling device 
solar cooker, it has not as vet bee 
sible to undertake production in 
tity. Until this is done, it would be 
lessly costly to make these solar 
one at a time But when wholesal 
duction is accomplished, I belie, 
solar power can be produced, wit! 
return on the investment, at not abo 


cents per horsepower ho ir 














CONSERVATION IN PUEBLO AGRICULTURE 


I. PRIMITIVE PRACTICES 

















By Dr. GUY R. STEWART 


SENIOR SOIL CONSERVATIO . SOIL CONS 
the arid Southwest we find some of high summer temperatures 1 

idest settled agricultural commun) although on the pla plateaus, as at 

; in the United States amone the Mesa Verde and the Taos Vallev. the 

nt SIX Pueblo villages The sketel Vation reduces extreme heat (ive! 

Fig. 1, shows the general extent of entire region. however. rainf;: has 
Pueblo countrs which embraces the quently been deficient hal at i times Is 
southern portions of Utah and Colorado, highly variable, so that moisture has beet 

the states of Arizona and New Mex the greatest mitine 
together with adjacent areas of crowtl All the settled tribes that | 


/ 

/ 

/ 
- 


rthern Chihuahua. It isa land witha _ lived int] 


vide diversity of topography and great had a unifving interest; thev have been 
riations in local conditions, but the sedentary farmers using a specialized 
vironment presented certaim similar! maize agriculture as their pring pal sup 
ties in the problems the early agricul port, in a country where ave 
rist had to solve in order to obtain a Tions are more rivorous than those 


ving. Throughout much of the region in the Dust Bow 





FAR VIEW HOUSE AT MESA VERDE 
LARGEST CENTRAL PART OF THE GROUP OF VILLAGES, NEAR THE HEAD ¢ OOD 


DITCH ON CHAPIN MESA 
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FIG. 1. MAP OF THE PUEBLO PLATEAT 
PUEBLO CULTURE AREAS: I—RIO GRANDE; II—SAN JUAN; III—LITTLE COLORADO; 


V MIMBRES CHIHUAHUA. AFTER MAP BY SCHOOL OF AMERICAN RESEARCH 
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ONE OF THE STRIKING REMNANTS O HE EARLY MESA OP 


FOUND NO 4 to) | vo HF 


When Coronado reached Hawikuh, the and enable the ri 


most southerly of the famed ‘‘Seven _ live in this wester nd wit! 
Cities of Cibola,’’ constituting part of sunshine throug 
the Zuni group of villages, he was disap with the dry variable v s 


pointed with the lack of the reputed and the fa 
stores of gold. silver and precious stones Two sources of 


As he explored the Pueblo country he avallat e: the first of these . 


found, however, a group or some elehty aence st obtainal i u 
wricultural communities with a_ well sites showing agricultut Sa 
rganized system of agriculture. These flood water diversion vater ret 
villages, in fact, had sufficient surplus dams or in 
orn so that Coronado and his three hun records of such us 
lred and twenty men, with their native the large group « etl 
helpers from Northern Mexico, were able archeologists who hay \ 
obtain supplies of maize during the Southwest. The s s from the 
two vears they remained in the Pueblo of the agi tu methods 
nd present dav Hopi a Zw 1 
The writer has been interested for se\ have been the least affected of the 
4 ‘ral vears to find what could be learned peoples by Spanish and Ame 
the agricultural practices of the early fluence. Here one can still se 


Pueblo tribes, particularly of the use life of the people centered 
hich they made of conservation mea ritual observances which the 


sures that would conserve water and soil 
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RUIN NEAR UPPER PART OF FLOOD WATER DITCH 
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in the 


evelopment of their greatest crop, the 


d which mark as well each stage 


rn plant. 

In the preliminary work so far carried 
it the writer has been aided by infor 
ation from friends and associates in the 
Soil Conservation Service, by scientists 
ind officials of the National Park Serviee, 
is well as by members of the staffs of the 
several Southwestern museums and in 
terested specialists of the faculties of the 
Universities of Arizona and New Mexico 

When 
Pueblo country started in 1540, the most 


Spanish exploration of the 
portant native settlements in the re- 
P vion were confined to the Rio Grande 
untry, together with the Hopi and Zuni 
llages. Even there abandonment and 
resettlement of early sites had taken 
ace on a large seale. One of the most 
portant groups of Pueblo villages, that 


the Mesa Verde Plateau, had been 








PUEBLO 


riven up so long bi 1) 
of the Spaniards that 
OCCUrsS In ar tl | ! 
of exploration He s 
that evidence of ag 
is quite unaffe ed b | 
FLoop Water A: 
Mi SA Vi RDI 

A sketch map Mes 
Plateau, in southwes Ci 
shown in Fig. 2. to | 
tion OF the area ! ied ! 1 
Verde National Park. The pre 
visitor to the park approaches 
northerly side of the fan-shap 
land, over the excellent Lid 
ern highway, instead of coming 
the trails from the Mar s Ri 
Richard Wetherill and Charley 
did when hunting for cattle in De 
1888 As thev searched for 








AGRI 





CHECK DAMS ON WEST BRANCH OF SODA CANYON, MES. 
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hapin Mesa they had the notable 


| 


ce of finding the splendid ruined Feeding daitches po 
s of Cliff Palace and Spruce Tree mesa above M 

n the same day. Their surprise present sign, ho 
ardly have been vreater had they ous Soul 
these two sites occupied by the from the 
nhabitants. The impression made where pre 


tT) 


ost ever visitor who looks on wit! 





extensive towns for the first time 
it of viewing something unreal 
before the two sites were restored, 
villages appeared to be astonish 
complete and ready to spring again 
fe and activity 


modern road climbs 


er rim of the plateau, past striking 
ants of the mesa top, sevrecated and 
} ] 


standing apart in early geologi 


‘ On reaching the top of the divide 


brings one near Park Point, where a 
sweeping view Is obtained, showing the 
extent of the fan-shaped tableland, 
eaching some 15 miles east and west and 
12 miles north and south. As the visitor 
omes down the highway along Chapin 
Mesa he reaches the Far View group of 
ruins which is near the upper end of an 
inusually complete unit of early flood 
water irrigation. The extent of this SVS 
tem on Chapin Mesa is indicated in Fig 
3, which shows a primitive flood water 
ditch that apparently supplied corn 
fields and check dam garden areas along 
the mesa top. The mapping was carried 
out by the Soil Conservation Area office. 
Farmington, New Mexico, during the 
past vear. 

The definite beginning of this flood 
water system is a little above Far View 








FIG FLOODWA 


: DITCH AND CHECK-—-DAM 
House and consists of a circular reser HAP ~ 
i.’ ' 


( SA 
voir commonly known as Mummy Lake , 
This ancient reservoir has been men It is known that Mun 
tioned ever since the first explorations used by cattlemen for 
on the mesa, but its possible connection a tew vears Toliowing 
with flood water irrigation was not ree- the principal ruil 
ognized until James A. Lancaster of the the profile of the 

staff made a careful study of the of Mummy Lake 

Some indication was noted during servation survey 








POS 


THE S¢ 


FIG. 4. CHECK-—DAM AREAS ON TWO 
BRANCHES OF SODA CANYON 


showed a deposition of stratified silt and 
sandy clay loam reaching to a depth of 
approximately 10 feet. This appears to 
be a far greater deposit than would ordi- 
narily have developed from the run-off 
water on the mesa unless Mummy Lake 
had 
long period of years. 

Along the ditch evidence was found at 
indicating 
might have been turned out on the corn 
fields 
additional flood water was also picked 
up. In some spots the bed of the ditch 


been used for water storage over a 


several points where water 


In a few places it is possible that 


was stabilized with rock cross checks and 


the bank on the lower side was sometimes 
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with stones. <A 


reinforced 
section of the upper part of 
shown in an accompanying 
entire length of the flood wat: 
ditch from Mummy Lake to 


check dam areas measures 
mately four miles 

It is worthy of note that th 
tion of the ditch is relatively | 
flat and is almost identical w 
of ditch outline developed b 
Conservation Service for ter 
and other vegetated waterwavs 
and the writer made a series 0 
ments of the cross section at s 
over a dozen points along 
These showed that the widt] 
varied from a minimum of abo 
maximum of over 438 feet 


ot 30 feet 6 inches Tl 


tO a 


average 


varied from 6 inches to 18 ine} 
an average of about 11 inches. R 
little erosion had oceurred in t 
of flood water channel This wv 


broad 


| l ty 


eross section which has tended 


ablv due largely to the 
concentration of flood water, w 
quent cutting of a central chann 
At the present time, the land « 
by the ditch and that adjacent t 
ports an open stand of pinon pin 
edulis 


(Junipe ris Utahensis 


Engelm mixed witl 
Increme 
larger pinot 


ings made in the 


showed an age usually of fron 
155 years, with a maximum of 175 
Since the pinon pine, according 
only 100 


years and no appreciable numbe1 


worth, has an age of 
stumps are visible, it is probable t! 
trees have gradually seeded in fro 
carrying trees adjacent to the floo 
irrigated areas. 
In the lower part of Fig. 3, it 

seen that the profile or grade of tl 
is remarkably uniform through its 


¢ 


course, even though the diteh fé 
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irregular ne down the 


uuld point to some defi 


“i of engineern to obt 


over a distance of } eS 


es 


tel 
eo 
is O 
es t 


Riv 


oC 


standing water follow the excava 


; 


skill of an exceptiona 


been run wit 


/ 


ften the case with ear 


‘xamined by thre write) 
er Valley t would have 
onstruct an excavation hy 


re a steeper erad ent was used 
a more adval rec technig 
tly required 
[wo areas of garden check dan 


ted adjacent to the flood wate 


separate branches of Soda C 


‘he gene 
vn in 
(1s p 


m type 


‘ral location of each ero 


Fie 2 vl mrer . ' 
iy. oO, and a iarver scat 


ig. 4. The 


of village garde 


resented mn |: 
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ac 
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SPRUCE TREE HOU 


NEAR LOWER END OF INDIAN FLOOD WATER 


IN 


PUEBLO AGRICUI 


" near Ko House, L 


these primitive cultivators. Had Hous ~ 


tla ) Mi . { 
} ? e +} ~ © 

bee re 

navy sery S . 
T ~ 

how ll SIZE SS 

was iD } 

? 1 15 

vere tyre | 10 1 
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SQUARE TOWER HOUSE, MESA VERDE 


DISTINGUISHED FOR ITS HANDSOME TOWER 


to 4 feet of soil which would have been 
adequate to mature shallow-rooted crops 
such as beans, early corn, squash and 
pumpkins. Finley noted that the soil in 
the check dam areas, in most cases, was 
a rich, highly organie clay loam or fine 
sandy loam, which should have been ade- 
quate for excellent crop erowth. His 
examinations indicated that the checks 
had been made and then repaired at a 
later date, as two types of deposited 
material were present in those found 
along Soda Canyon. The early build- 
ers exercised considerable judgment in 
the size of the material used for construe- 
tion. Where the grade was unusually 
steep, large, heavy, flat rocks were em- 
ploved, while small, flat boulders were 
used on the more level portions of each 
area. It is not surprising to find that 
portions of most of the checks have been 
washed out, but since no maintenance 
work has been done upon them for at 
least 640 vears, it is remarkable that a 


AND WELL-PRESERVED CEREMON 


large portion of many checks is s 


place. 

Examinations showed definite 
tions of probable water diversio1 
the flood water ditch onto both 
Soda Canyon check-dam areas 
therefore, clear that the flood wat: 
ply ditch would have played an 
tant part in making good the defi 


of moisture on the lower part of the 


when heavier precipitation occur 
higher elevations. 


The best evidence which can b 


tained as to the crops grown at 


Verde is furnished by the excavati 
Fewkes at Spruce Tree House and 








17 


Palace, in which he has recorded 


materials found in food caches 
buried foods consisted of corn, 


squash, pumpkin and gourds. I‘ 
also found wooded planting sticks si 


to those tised by the present-day 
at both locations on Mesa Verde 


makes it probable that agricultural 1 


H 
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Is lar to those of the Hopi and Zuni 
lowed in early plantings on the 


Balls of raw cotton yvarn or 


-_ , oe. as well as cotton string with 
4 rs wound around them, have been 
ted from the ruins. More of these 
* tton materials have been reported from 
s south of the Mancos River than 
those north of this point. Well 
woven cotton cloth has also been found 
Fewkes at both Spruce Tree House 
ind Cliff Palace, but no caches of cotton 

seed have been reported. 
The writer has discussed the possibility 
erowing cotton at Mesa Verde with 
several cotton specialists of the Depart 
ment of Agriculture. Studies have been 

—_ 
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CLIFF PALACE, THE MOST EXTENSIVE 
THE HOUSES AND KIVAS ARE SO COMPLETE THA 
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VILLAGE AT MESA VERDI 
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vears it was as late as May 23 and 


29. This indicates it would have been 
difficult for a cultivator to take advan 
tage of the full frost-free period, which 
has ranged from 146 days in 1924 to 197 
days in 1936. In view of the great vari 
ability in the frost-free season, it seems 
probable that the cotton fiber and cotton 
cloth reported by Fewkes were acquired 
by trade from neighbors to the south 

In addition to the length of the frost 
free period at Mesa Verde, the amount 
and distribution of the rainfall is of 
prime importance. The annual precipi 
tation for the 17 vears of available rec 
ords, at the Park Headquarters, has aver- 
aged 21 inches. This total is higher than 
that recorded at Cortez in the Montezuma 
Valley or for any of the stations in the 
Navajo country to the south Durango 
is the only station in this general region 
with approximately an equal rainfall 
amounting to 19.8 inches for a 44-vear 
period Although the amount of water 
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WHERE A FAIR CROP WAS MATURED IN 1939, APTER 


falling on the 


vreater than at 


part of the ar 


bution of the 
many vears al 


seventeen has | 


lacking during June 


nies 


man 





ain recent 


Vv other 


| Southwest 


rain IS Irrey 
1 in ten Vears 
een deficient 


This is t] 


in which corn would probably bi 


and points to a need for supp 


water during the early growt! 
Although the deftcient June 


tion constitutes a major agricuit 


there is some compensation 


rol 


that there has frequently beet 


rain during late Julv, August 


tember 


The best picture Of raintall \ 


in early times is probably obta 


the tree ring studies of Douglass 
Verde. He has shown that alt 


of wet and dry weather oceurr 


past, but a long period of drout 


\. E. Douglass, 
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1276 a.p. and continued until 12! 


This abnormal condition apparet 


out all food reserves of the ear 


tants and caused 


Thre a>) nieve 
onment of the plateau In this 
tion it Is Important to remember 
; ll ear a eo 
ne smal ears oO eorn ound hb 


KeS Il the Cliff Palace and Spruce 


House ruins may have been raised 
¢ the last drouth period and so may 


epresent the normal size 


/ 


with adequate rainfall during the 


of early settlement 
The studies made at Mesa Verde indi 
an integrated system of agriculture 
one portion of the plateau which shows 
inusual organizing ability upon the 
rt of the primitive cultivators An 
1) 


ellent trail dating from early times is 


in existence between the ay View 


roup at the head of the ditch and 
Spruce Tree House near its lower end 


It would have been extremel\ Cas\ fora 


nner to have given warning to the resi 
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ing and channel cutting In the check 
dam garden plot areas, which were partly 
located upon solid bed rock, there is con 
siderable evidence that planned soil con 
servation to retain soil for the house 
gardens was as much the purpose as was 
water saving 
blended 


that the check dam gardens form one of 


The two types of practice 
together, and it is safe to say 
the earliest groups of American soil and 
water conservation demonstrations which 
can be definitely stated to date back to 
1300 A.D. 

A study of the 
precipitation indicates that in most vears 
Mesa Verde has been better supplied with 
rainfall than other places to the west and 


available records of 


south This has amounted to about six 
and a half inches more moisture than has 
fallen at Cortez and approximately twice 
the average for Chaco Canyon and Aztec 
The deficient precipitation of June is also 
one of the risks to which crops are ex- 





i, » 
 / ¥ 


- 


4 


IENTIF I 
yp 


MONTHLY 


posed in many places of lowe 
rainfall. Hence, the 
late July, August 


meant that corn was likely to mat 


excellent 
and Septembe 
the plateau unless a major dro 
curred such as that which probab!| 
out the early settlements Rec 
demonstration corn field has been | 
each year by the Navajos at the } 
an area which receives some loca 
and is located near Chapin Mesa 
Crops have been matured even aft 
tively dry vears, when planted ly 
ods similar to those used by the P 
Indians 

The relatively 
conditions found at Mesa Verde pr 
the ea 


favorable agr 


increased the risk which 
dwellers had from attacks by th: 
mies during years of partial 
around them, and point to one reas 
their making their homes in the 


refuges. 





PRINCIPAL RUIN AT CASA GRANDE, ARIZONA 
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NITY OF EARLY 


RAIN. THE VILLAGE AT CASA GRAND 


IRRIGATORS. 
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CORN DRYING IN THE YARD OF THE GOVERNOR’S HOUSE AT WALPI 


PART OF THE SHORT 


PUEBLO AGRICULTURE IN THE Upper Rito 
GRANDE AND GILA RIVER VALLEYS 

A survey was made of present-day 
agricultural methods in the villages along 
the Rio Grande from Acoma to Taos. 
Planting, cutivation and irrigation have, 
in most cases, been greatly affected by 
the irrigated agriculture learned from 
the Spaniards so that it is difficult to find 
many examples of Indian cultivators who 
follow the old Pueblo practices un- 
changed as they may often be seen in the 
Zuni and Hopi country. This is not 
surprising when we read in the account 
of Onate’s settlers in 1598 that the expe 
dition reached Santo Domingo on July 7, 
and on August 11 work was started on 
an irrigation ditch with 1,500 Indians 
helping. 

Examination of the fascinating ruins 
of Puve and El Rito de Los Frijoles 
showed little evidence of early agricul- 


HARVEST OF 1939. 


tural use that is definitely related t 
Spanish cultivation around either sit 
Along the Gila River a number 
teresting examples of water det: 

structures were noted One ol 
located on the bench above Peck’s W 
some 2.8 miles from Pima, Arizon: 
examined intensively by John Cole 
Conservation Service, and the write! 
this area somewhat over 25 acres is 
out, with simple water detention bo 
dams forming a complete spreading 
tem. In the upper portion of the 1 
the detention structures were ro 
rectangular in shape, varying In size | 
8 by 10 feet up to 24 by 30 feet. At 
present time there is no evident s 
of water for this group of farm 
though it appears probable that the e 
course of the surface drainage has 
changed by an early washout ly 


lower part of the area a definite sys 
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WATER DETENTION BOULDER ¢ 


NORTH Ol! ~ 1G 


if terraces had been laid out on a grade 
f 23 to 34 per cent. 
from 14 to 18 feet in width and extended 


from 180 to 225 feet lone 


The terraces ranged 


Deadman’s Gulch and adjacent can 
ons across the Gila on Graham Moun 
found different 
type of garden site. Here a primitive 


tain were to contain a 
stvle of terrace had been built, largely 
DN clearing the land of loose boulders and 
piling them on the outer edge of the ter- 
bank. In 
water detention dams had been put across 
the stream to check the force of the flow. 
Portions of this area, examined by Dr. 
Emil Haury, were dated for the probable 


race 


places simple boulder 


period of occupancy, by pottery shards, 
t a.p. 1200-1400. 

Another use of boulder detention dams 
was studied in the Canada del Oro, about 
l Here 


lj miles from Tucson, Arizona 
single lines of larger boulders have been 
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HECKS AT SHUCK ( . 
usec tor water cdetentior on a tract of 
» " 
over 5U acres In man mex The Ho (ley 
dams were spread in a series of checks 


across a field at intervals of 10 to 25 feet 


between the detention chee The chan 


ns 


nels which 


would have carried water fron 
one check to the next lower structure 
were often stabilized with boulder checks 
To prevent washing The lavout of the 
checks on this tract, as well as on the ex 
tensive tract at Peck’s Wash, suggests 
that the primitive irrigators would have 
needed to get out on their fields during 
times of run-off to guide the water fron 


one series of checks to the next and alter 
the supporting boulder walls as cond 


tions showed were necessaryv To secure an 


even distribution of water 

In the lower part of the Gila Rive 
Valley, near the ruins of Casa Grands 
and in the Salt River Valley adja ent 
Phoenix, some remnants of the most ex 
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GRAND CANYON FROM DESERT VIEW ON THE SOUTH RIM 
ACROSS THE NORTH RIM, WATER DETENTION CHECKS SIMILAR TO THOSE FOUND AT THE SI! 
RANCH HAVE BEEN REPORTED. 


an 3 


ental 








GRAND CANYON FROM MORAN POINT, LOOKING TOWARD NORTH RIM 
WHERE PRIMITIVE WATER DETENTION CHECKS HAVE BEEN REPORTED. 
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primitive irrigation systems I! 
America ean still be found. These 
of early Pueblo culture, known as 
untry of the Hokokam. have been 
ish\ estimated to have embraced 
100.000 to 250.000 acres of irrigated 

In the development of modern 

systems of irrigation most of the early 
hes have been plowed up and obliter 

The writer devoted some study to 
tions of the early Indian Salt River 
system which has been mapped by QO. A 
Turney The parts of the ditches ex 
amined lay north of Phoenix. just below 
Pueblo Grande, where at least four sepa 
rate ditches were diverted from the river 
in the direction of the former Indian set 
tleement known as Casa Buena and La 
Cindad. The distinctive feature about 
these canals was the fact that they were 
dug by hand and had a relatively flat 


Portions of the banks gave 


gradient. 
some evidence of possibly being lined 
with clay which may have been hardened 
by fire before water was used in them 
continuously. Since all the Hokokam 
settlements were abandoned before Span 
ish settlement, it is impossible to say 
whether this irrigation system was used 
to supply flood water to land where the 
water would be impounded and allowed 
to soak in, or whether irrigation was ap 
plied continuously during the growth of 
the corn crop. The principal interest 
of this paper is in the methods used 
under the more rigorous conditions found 
in the more arid portions of the Pueblo 
country, hence no attempt will be made 
to treat of the evidence of agricultural 
practice with a relatively assured water 
supply. 

In the northern part of the Salt River 
Valley, near Cave Creek, a striking ex 
ample of a self-contained agricultural 
community was studied. This was the 
so-called Fort Mountain site illustrated 
in Fig. 5. 


we was located north of the large hill 


The main portion of the vil 
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human foes or destructive animals could 
be detected Pottery shards dated the 
occupaney of the village at from 1000 to 
1200 A.D 


EARLY SITES FROM PHOENIX TO THI 
GRAND CANYON 


A series of primitive village locations 
extending north from Phoenix, including 
sites on New River, Upper and Lower 
Alkali Wash, Agua Fria Canyon, Bishop 
Creek, Hackberry Wash, five sites in 
Lonesome Valley, northeast of Prescott, 
one large area near King’s Ranch Pueblo 
and a group of ruins north of Seligman 
were all studied and evidences of early 
agriculture were found. In the major- 
itv of these village communities a group 
of small garden plots partly terraced on a 


THE HEAT 


AFTER stating the probability that, if sunlight 
was ready, the earth was ready both for vege 
table and animal life within a century, or at 
least a few centuries, after the consolidation of 
the earth’s surface, Lord Kelvin inquires whether 
the sun was ready, and replies:' ‘*The well 
founded dynamical theory of the sun’s heat car 
fully worked out and discussed by Helmholtz, 
Newcomb and myself, says NO if the consolida 
tion of the earth took place as long (ago) as 50 
million years; : 

Here is an unqualified assumption of the com 
pleteness of the Helmholtzian theory of the sun’s 
heat and of the correctness of deductions drawn 
from it in relation to the past life of the sun. 
There is the further assumption, by implication, 
that no other essential factors entered into the 
problem. Are these assumptions beyond legiti 
mate question? In the first place, without ques 
tioning its correctness, is it safe to assume that 
the Helmholtzian hypothesis of the heat of the 
sun is a complete theory? Is present knowledge 
relative to the behavior of matter under such 
extraordinary conditions as obtain in the interior 
of the sun sufficiently exhaustive to warrant the 
assertion that no unrecognized sources of heat 
reside there? What the internal constitution of 
the atoms may be is yet an open question. It 
is not improbable that they are complex organi 
zations and the seats of enormous energies. 
Certainly, no careful chemist would affirm either 


1 Science, May 19, 1899, p. 711. 


gentle slope, with stabilizing 
boulders at the outer edge, were 
close to the village The main 
dence for such gardens was upo 
run-off. In two cases, however 
fields at King’s Ranch Pueblo and S 
ing Ranch north of Seligman we 
out with water detention boulder 
to insure success of the corn crop 
Preliminary examinations at the | 
Canyon National Park indicate: 
agriculture was practiced on the } 
adjacent to the north rim, while 
seed found by the park staff in 
ruins adjacent to Bright Ange 
points to the growth of this plant 
dens in the lower parts of the 
It is hoped to make more detailed st 
in both locations at a later date 


OF THE SUN 


that the atoms are really elementary 

may not be locked up in them energies 
first order of magnitude. No cautious 
would probably venture to assert tl 
ponent atomecules, to use a convenient 
may not have energies of rotation, 
position and be otherwise comparabk 
and proportion to those of a planetary s 
Nor would he probably feel prepared to : 
deny that the extraordinary conditions 
reside in the center of the sun may not set 
portion of this energy. The Helml 
theory takes no cognizance of latent and o 
energies of an atomic or ultra-atomic nat 
ton of ice and a ton of water at a like 
from the center of the system are a 
equivalents, though they differ notably 
total sum of their energies. The familia 
and chemical energies are, to be sure, neg 
quantities compared with the enormous res 
that reside in gravitation. gut is it qui 
to assume that this is true of the unknow: 
gies wrapped up in the internal constitut 
the atoms? Are we quite sure we ha 
probed the bottom of the sources of 


it 


and are able to measure even roughly its 


total ?—Thomas Chrowder Chamberlin, iv 
published in ‘* Science’’ on June 30 and. 
1899, to Lord Kelvin’s address at the 1 
Institute in 1897 on ** The Age of the Earti 
Abode Fitted for Life,’’ publishe din** Ne 


May 12 and May 19, 1899. 
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HUMAN HEREDITY 


By Dr. K 


PROFESSOR PSYCHOLOGY, U> 


OF 


Some thirty years the Kallikak 


avo 


was boosted into an unfavorable 


ety, and shortly became a great 
sset to propagandists for eugenical 
st ation and other nostrums. Even 


books written by psychologists who 


eht to know better, the Kallikaks skulk 
the corners of the pages, and leap out 
m unwary students 

The fame of the family began with an 
wdote perpetrated with incredible in 
ence by an eminent expert on ‘‘intel 
ence, 


and repeated with astonishing 


solemnity by many after him. The anec 


te concerned the unblest union of a 
Revolutionary soldier with a_ feeble- 
ded girl, from which sprang a long 
ne of descendants who were feeble- 


nded and prone to epileps) . alcoholism. 
rostitution and what have vou. I have 
told this to 


vaited to see how many students would 


often story classes, and 


How do you 


Did 


raise the obvious question : 
know the girl was feeble-minded? 


anybody test her and assign an L.Q.? 
What is the evidence? Of course, there 
s no evidence. - The promoter of the 


egend inferred that the girl was feeble- 
had 


Then, from the assumption 


minded because she feeble-minded 
descendants. 
of her feeble-mindedness he inferred the 
fatal heredity of amentia. This proce- 
dure, of assuming the conclusion in the 
premises from which it is presumably 
drawn, is called by the logicians, ‘‘ Beg- 
ving the question. ”’ 
The Kallikak 


laughed out of psychology, along with 


phantasy has been 
the even more appalling legends of the 
Nams and the Jukes : but the theories 
involved in them still linger in popular 
superstitions, endorsed by many writers 
of supposedly scientific books, along with 
ther popular beliefs about heredity, and 
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NIGHT DUNLAP 


‘ k 


do definite dan sons 
take the theories s R Ml 
these Young persons 1 ! 
their children sho | be feeble 
since thev think there have be hy 
minded persons thi S 
renerations 

The fear of hereditarv mental diseas: 
plaved up by euge sts and ot! 
propagandists, has dh mal 
men and voung women into mal: R 
ments, and even into suicide o1 S 
Almost every ps hologist S 
with these « SeS, SOT! } } ol 
him for help I} maiorit 
ever, do not know I hie » 1S POSSID 

Dr. Abraham M son, i s be 
porting the findings tl ommitt 
which he was chairman, has done exce 
lent work in disemboweling t] . 
evidence for the fatal hereditv of menta 
cliseases, but relatively tew of the ti 
ol the Superstition ‘ read ti hax 
and those who do are apt to be misled b 
the summary of conclusions, which is 
based on the analysis of the book its 
but appears to be a compromise betwee 


the real showings and the 


prejudices « 

committee members Meanwl tl 
propaganda ror a stupid type of hered 
itv for mental disorders goes on in pop 
lar and professional journals 

Psychologists find no difficulty in 1 
solving the difficulties of neurotic or pe 
turbed voungsters who seek their advice 
For the benefit of the lay man, it mav be 
worth while to summarize the psvchol 
gist’s procedure. - In the first place, he 
points out that nothing is reallv know 
about human heredity, except that ce1 
tain traits, such as red hair, haemop! 
and Presbyterianism, ‘‘run in families 


That for most traits 
the 


they ‘‘run,”’ traits for whic] 


? 


ANTIDOTES FOR SUPERSTITIONS CONCERNING 


a 


we do not know how 





known, 
And that 
hasty inferences from traits of fruit-flies 


principles of inheritance are 


even vaguely, being very few. 
and potatoes to human traits has not been 
useful 

The psychologist, in the second place, 
will point out that the seare-data which 


has been assembled to prove the fatal 
heredity of mental diseases and of feeble 
mindedness, has been gathered by the 


too-familiar method of selecting the data 
which agrees with one’s theory while 
ignoring eases which would not support 
it. In 
particular, he points out that some of the 


regard to feeble-mindedness in 


data which impresses the public most 
was gathered by untrained persons, who 
able to tell indi 
vidual is feeble-minded or not. 


In the third place, he points out that 


were not whether an 


principles, or ‘‘laws’’ of inheritance for 


any trait, while they may possibly be 


developed for some simple physical 


traits, could hardly be expected for com 
plex conditions, such as epilepsy and 
feeble-mindedness, until we know what 
the immediate causes of these conditions 
are; and that at present we do not know 
how many different abnormal conditions 
together in 


It is useful, moreover, to 


are lumped these waste- 
basket classes. 
point out that the mental disorders of 
which the causes are definitely known, 
namely, the organic psychoses, are not 
included in the group to which a fatal 

the 
their 


disorders of 


nature is aseribed by 
who 
the 


unknown nature, such as feeble-minded- 


hereditary 
pseudo-geneticists, confine 


scare propaganda to 


ness, idiopathie epilepsy and the disor- 
ders in the other waste-basket which 
are called 
flossier and more misleading terminology, 


‘‘dementia praecox’’ or, in 


‘*sehizophrenia.’’ 

In these ways the psychologist empha- 
sizes the fact that, for a person who dis- 
nut or two on his 


cerns an occasional 


family tree, the chances that he will have 
a nut for a child are, so far as is now 
known, no greater than for the person 
who doesn’t happen to find any nuts on 
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his tree For the young man 
vineed. on the basis ot 


that he is 


popu al 
doctrines, 


roiling s 


relieving conelusion is as oby 
The frightened voung persons 


[ have been speaking are, of 


themselves feeble-minded, 01 
**diseased,’’ although some of 


temporally neurotic because of 


of the fell effects of here 
feeble-minded and the der ere 

not be advised to marry for 

reasons not connected with the s ( 
tions concerning heredity; the 


are advised to do something ab 
neuroses before planning to 1 
the 
the problems of 


every case, patient 1S ass eas 
heredity are 
importance, but he is reassured 
scientific problems are far remo 
the superstitions which are 1 
him. 

In some cases of perturbatio: 
rosis induced by superstition mas 
ing as science, I have found it we 
a little further, and discuss supers E 
the 
connected with the particular p 
Among thes: 


coneerning heredity of tr 
of the patients 


which in many cases are not caus s 
worry, are eve-color, eolor-blind) eS S 
deafness. In some eases, of 


superstitions regarding these are 
tant sources of perturbation 

The 
There are two classes of eves, ofter ad 
**blue”’ 


being ignored. 


eye-color doctrine is f: 


and ‘‘brown,’’ other col 


The 


colorations, 


ignoring’ of 


and violet hows 


sometimes a little strong for the ps 


red 


geneticist to swallow, so he classes 


simply as ‘“‘light’? and ‘dark.”’ “ 
inheritance of the two eolors is p 
Blue is 


is dominant. As a 


simple Mendelian basis. 
sive, brown 
quence, it is not lawful, in the Mei 
sense, for the child of two blue-ey: 
The nun 


brown-eyed children who, throug 


ents to have brown eves. 


taunts of companions or their ow 
bibing of pseudo-science, have been 















































SUPERSTITIONS AND 


e DY the suspicion that they are DinNanHeSsS Natu 1 ( ator. s¢ S 
ate, or what is often as bad, to have beer I 1 ~ 

| children, 1s larger than the Lay theorists need hie rh) dness 
cht suppose Know, IS a Matte! 


eve-color superstition is of origin’ variation, sha sligl 

at less ancient than the superst weakness TO extrem: protanopL 
neerning feeble-mindedness. Put deuteranopia wit ther rms 

| in a simpler form at first, with vet fully investigated nm some cases 
sing tide of Mendelianism it re- ‘‘runs in families’’: sometimes 

ts present shape, and was so gen appearing to crop 
accepted that only recently has it and grandson, skipp the 

to be eliminated from text-books mother In other ses, it app . 

Genetic studies of eye-color inheritance crop out in grandmother 
ade without the careful examina daughtet skippi the nter 
any eves. Of course, the data father It appears, to n tather 


probably selected, ror even on son and mother and da "tel is 


easual examination of eves many dis- as in father and daughter and 
rbing cases appear; but these can be and son. The apparent ‘‘skips 
ed as ‘‘anomalies.”’ Actual study over. can not be taken as cert 
es shows at once that eve eolor, In a reported cases, for the po ar test 
xed population, such as that of the color-blindness ar x 
ted States or European countries, 1S) and in manv Gases 01 the persons 
an ‘‘all-or-none’’ matter, but the = suspicion have been test: The 
colorations of the iris are mosaic patterns theory of the innat nature thie 
ving usually more than two colors has been somewhat demoralized b 
Eves classified as ‘‘blue’’ on casual ex discovery of cases wl ire } 
nation often show, when really ex color vision in eat adoles 
ned, greater area of brown in the iris — typical deuteranopes a vea 


in of blue.~ The brown-eved child who From ease histories of persons who ‘‘s 
SPS s worried about his parentage can re denly’’ discove1 n the 
. solve his doubts easily by examining the later, that the 


es of his putative parents with a good reason to suspect that there are 1 


reading glass in good daylighty This cases of this kind. As for the caus 
rocedure, one might suspect, would be color-blindness, while we may susp 
nfortunate if the child were really that in all cases it has a toxie or othe 
adopted or his mother had been indis chemical basis, as it certainly has in s 
reet. There is no reason for concern’ cases, we are st acking 

nere Eves are mixed so venerally that but we would to-dla hesitate 


+ 


he chanees that the brown-eved child _ that it is incurabl 


i not find some brown areas 1n the Invest vations nto the he} 
: eyes of his putative parents are so small traits concerning which the invest 
as to be negligible. IS uninformed, and hich he 


Superstitions coneerning inheritance know how to identify, are the outst 
color-blindness seldom produce neu- Ing sources oT 1 sintormation and s 
‘oses. They are illuminating, however, port of superstitions regarding 
conjunction with the more deadly blindness. eve-color and feebl 
superstitions. The  sex-linked  color- ness It is not without interest that tl 
bl ndness, deseribed by pseudo-geneticists one field of heredity stud ! vi nm the 
isually as an all-or-none trait, is most investigator is expected, first of 
: i teresting : but psychologists have not be able to diagnose the trait he st 


en able to discover this sort ot eolor and to be well Fyrounded in reval 
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is the field of cancer; and that it is in 
this field that jejyune conclusions are 
least COMSPLCUOUS 


There Is one more doetrine yf pseudo- 


genetics which, although exploded so far 
as science Is concerned, is still popular 
and is still a source of perturbation and 
unhappiness, although, so far as I know, 
not a cause of neuroses or suicides. This 
is the doctrine that a person who is con 
venitally deaf is especially apt to pro 
create deaf children: and that the mat 
ing of two congenitally deaf persons is 
almost certain to result in deaf children, 
if any 

To a person worried lest his defect of 
hearing would be transmitted to his off 
spring, and hesitating to marry on that 
account, it is necessary to explain that 
eases of actual congenital deafness are 
few, and that there is only one type of 
deafness which is ‘‘hereditary,’’ in the 
popular sense of the term, and that 
form, in which cochlea fails to develop, 
is rare. If there is a ‘‘hereditary’’ dis- 
position towards contracting measles, 
scarlet fever, diphtheria, colds in the 
head and the other actual causes of deaf- 
ness, that is another matter. The se- 
lected cases in which déafness ‘‘runs in 
the family’’ are no more significant than 
the cases of vegetarianism or poverty, 
which also ‘‘run in families.’ 

The problem of deafness and its in- 
heritance furnishes also an approach to 
the method of clearing up the difficulties 
of persons who have become impressed 
by the studies in which there has been 
an attempt to get at the ‘‘hereditary’’ 
factor in intelligence by correlating the 
intelligence of children with that of their 
parents through a simplistic use of in 
telligence scores. The ‘‘intelligence’ 
which intelligence tests measure is, of 
course, not the same as the ‘‘intelli- 
gence’’ which is supposed to be in- 
herited: and an inference from the first 
to the second can be made only on the 
basis of a vastly greater fund of infor- 
mation than the intelligence test scores 
supply. \ Aside from this, however, there 


is the fact that a trait which s 
appears to be ‘‘inherited’’ 
way may be a resultant of 1 
mental traits, which, indee 
herited, but in a complex wi: 
deafness may be a result 
number of different causes: 
scarlet fever, ‘‘colds’’ invading 
dle ear, and so on. There ma 
be ‘‘inherited’’ susceptibility 
another of these diseases, an 


rectly, deafness may he ** he 


44, 


Or, there may be ‘‘inherited’’ t 
on the part of parents to n 
diseases in children. The whe 
however, is put on a different bas 
look at it from this point of \ 
That feeble-mindedness in d 
dividuals has different causes is 
possible. Some of these causes 
hereditary in the way in whicl 
is (whatever that wavy may be 
heredity of others may be like tl! 
itv of Presbyterianism. - Until 
something of the approximate 
feeble-mindedness, worrying al 
mode of inheritance is fruitless 
Some of the traits, defects an: 
which 60 vears ago were agre 
‘*inherited’’ in the popular sens: 
term have to-day dropped out 
picture Thus, Darwin said . 
‘*Striking instances have been 1 
of epilepsy, asthma, stone in the | 
cancer, profuse bleeding from thx 
est injuries, of the mother not 
milk, and of bad parturition be 
herited.’”' ‘To-day, haemophilia 
mitted to be transmitted in far 
a rather simple way ; epilepsy ts | 
by some to be similarly ‘‘inherite 
verdict on cancer is ‘‘not prove 
‘*consumption’’ is no longer list 
cause the primary cause of tub 
has been found. It is entertai: 
note that Darwin quotes Dr. Gai 
saving that 50 per cent. of the 
gout observed in hospital pract 
‘‘inherited.’’ When the causes of 
1**Animals and Plants under 
tion,’’ Chapter 12, 451-2. 











ts and disorders are discovet talk 
the ‘‘inheritance is simple er 
most of them, ceases abrupthy 
problem of heredity is not done 


vith. however. but is revealed as so 
ex that its principles have little i 
m with the popular doctrines 
down from the past} 
retailing of case histories is born 
nimpressive, but one case recentl 
hands Is SO illustrat ve and so 
rtaining that it merits description 


y A eollege girl came to me for advice as 


to the method of committing suicide 
which would be least distressing to her 
Samnthe She did not want advice as to 
whether or not to kill herself; she had 
decided that point. This was probably 
an overstatement, but that was her story 

In applving the routine technique for 
would-be suicides, I told her, of course, 
that suicide is often a good thing, but 
that the persons contemplating it are 
usually In no mental condition to make 
the decision, but need expert and dis 
interested advice. That, if her reasons 
for suicide were good, as thev might be 
I could indeed help her select an ade 
quate method. She was reluctant to 
vive her reasons, but finally came 
through. She was, she said, developing 
Q7 manic-depressive insanity. Her condi 
tion was becoming worse. and would. 
obviously, in the course of time he a 
great cause of shame and other trouble 
to her family, from whom, so far, she 
had concealed the facts So, it was clear 
that she should commit suicide in the 
least flagrant wav, before her mental 
condition should become too evident to 
be concealed. 

On questioning her as to the evidences 
for her manic-depressive condition, | 
found that she had earlier taken a widel\ 
sed test, which may conveniently here 

classed as a ‘‘personality test,’’ the 
results of which showed that she was 

a manic-depressive type [ should 
say that the test was taken before enter 
ng the university, for we do not ad 
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MILESTONES IN 
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By WILLIAM HOLMES WENSTROM 
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I 

THe beginnings of meteorology, like 
the beginnings of most science and art, 
vo back to the enlightened men who 
talked and walked and thought in the 
ever-varying alternations of warm sun 
and sea change that bathed the golden 
isles of Greece. Many of their thoughts 
in those early days were wide of the 
mark; but some have come down to us, 
and stand to-day as valid as they ever 
seemed of old. The Greeks made regular 
weather observations of a sort, princi 
pally of wind direction, as early as the 
fifth century before Christ. They intro- 
duced the eight cardinal wind points that 
are still used to-day northeast, east, 
southeast, south, southwest, west, north- 
west and north. In the fifth century 
before Christ, also, Anaximander of 
lonia defined the wind as ‘‘a flowing of 
air,’’ which simple statement has never 
been improved upon since. 

About 350 B.c. Aristotle, greatest phi 
losopher of the ancient world, published 
four books under the general title 
‘*Meteorologica,’’ meaning ‘‘the things 
above,’’ and including phenomena astro 
nomical as well as atmospherical. From 
the Greek word for ‘‘high in the air,’’ 
also, vrew our present name for the 
science of weather and climate—‘mete 
orology.’’ But if I may digress for a 
moment, ‘‘me-te-or-o-lo-gy’’ is, it seems 
to me, a clumsy word to spell and pro- 
nounce (to say nothing of that linguistic 
monstrosity ‘‘me-te-or-o-lo-gi-cal’’), and 
somewhat too connected with meteors in 
the minds of laymen. If the inertia of 
long-continued and wide-spread usage 
could be overcome, it might be replaced 
by some more suitable term such as 


**aerology ? *‘atmology ve 


OK 


THER OFFICER WITH THE U. 8S. AIR CO! 


In Aristotle’s treatise, at a 
about one third of which was dey 
the science of the atmosphere 
weather questions were conside! 
formation of fog and clouds, di 
frost, rain and snow and hail, 
of winds, thunderstorms and whit 
The whole work was marked 
powerful imagination than by s 
method. Yet it was the earliest 
hensive work on meteorology 
mained for fifteen centuries th 
Theophrastus, one of Aristotle’s 
ples, also wrote a treatise on w 
weather which included some 
omens not unlike those that find 
to-day. 

In ancient times life was leisur 
new developments came slowly 
always vital to husbandry and 
was the first weather element to be 
rately measured. (Such measur 
requires, indeed, nothing more 
eated than an open bucket and a 
As early as the first century A.D., 1 
measurements were made in Pales 
and the resulting rainfall records 
preserved among the Jewish re! 
writings. Much later, by 1450 
vauges were in use by the Kore: 
China. But in the middle ages 
frontiers of weather knowledge ws 
ready widening in another dir 
During the eleventh century 
Arabian astronomers, watching su 


and sunset in the clear air of the Eas 
desert, made the first rough estimat 


the height of the upper atmos} 
They deduced from the duration o! 
light that the earth’s air exten 
appreciable density to heights a 
fifty miles, and later experiments 
confirmed their findings 














II 


If meteorology may be said to have 





dawned in ancient Greece, its sun really 
rose in the sixteenth-century Tuscany of 
the Medicis. For weather work began to 
sume some dignity as an independent 
science when quantitative measurements 

its several elements became possible; 
that is, When accurate weather-measuring 
nstruments appeared. The first of these 

side from the rain gauge), and one of 
the most important, was the thermome- 
ter. Back in the third century, Philo of 
Byzantium and Hero of Alexandria had 
devised some primitive thermoscopes. 
The instruments themselves had prob- 
ably no great value; but one of Hero’s 
writings came, centuries later, to the 
attention of the first great experimental 
scientist—Galileo Galilei. He and his 
associates were to make northern Italy 
the cradle of instrumental meteorology 
and instrumental physics. 

In 1592 Galileo, then at the University 
of Padua, constructed the first practical 
thermometer. Bearing small resem- 
blance to the modern instrument, it con- 
sisted of a large bulb filled with air 
which, by its expansion when heated, 
foreed downward the water level in a 
glass tube. Later, Galileo is thought to 
have devised, in essence, the modern 
thermometer—a small glass bulb of 
liquid free to expand into a sealed ecapil- 
lary tube. (The liquid was alcohol, still 
used in many modern instruments.) 
Thermometers of this type, at any rate, 
were used around 1640 by Ferdinand II, 
Grand Duke of Tuscany. Around 1720, 
Gabriel Daniel Fahrenheit started using 
mercury as a thermometer liquid, and 
devised the Fahrenheit scale that is still 
in ordinary use among all the English- 
speaking peoples. And about 1742, in 
Sweden, Anders Celsius devised the 
centigrade scale that is in universal 
scientific use to-day. 

In 1640 also, the same Ferdinand I] 
of Tuscany, one of the most enlightened 
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of the later Medicis, entered the mare] 
of knowledge by ordering that a deep 
well be dug near Florence. Such an 
ordinary action might at first glance 
have been thought free from future 


scientific implications; vet it was found, 


to the surprise of all, that water would 
not rise in the well pipe, even when the 
air was drawn out of it, to a height 
greater than about 32 feet. Galileo, con 


sulted near the end of his life’s labors 


judged that ‘‘nature’s abhorrence of a 


vacuum,’’ until then thought absolute 
appeared to have limits Before his 
death he suggested that liquids of differ 
ent densities should rise to different 
heights in an evacuated tube, and passed 
the problem on to his pupil, Evangelista 
Torricelli 

Torricelli put the experiment on 
more convenient scale by adopting mer 
cury, the heaviest of all liquids, which 
rose about 30 inches in an evacuated 
tube. He then concluded that, in the 
words of Millikan and Gale, ‘‘the rise 
of liquids in exhausted tubes is due to 
an outside pressure exerted by the at 
mosphere on the surface of the liquid, 
and not to any mysterious sucking power 
created by the vacuum.’’ Torricelli 
proved this by placing his whole barome 
ter in a bell jar and pumping out the air 
whereupon the mercury column sank in 
the barometer tube. Torricelli’s barome 
ter, unchanged in general principle 
though considerably refined in form, is 
used for all accurate pressure measure 
ments to-day. 

Barometry now moved by leaps and 
bounds. In France, Blaise Pascal rea 
soned that air pressure, like pressure in 
other fluids, should diminish as one goes 
higher in the atmosphere. Lacking a 
mountain on which to try the experiment 
he wrote his brother-in-law Perrier in the 
south of France. In 1648 Perrier carried 
a barometer up a sizeable mountain (Puy 
de Dome) and was ‘‘ravished with admi 
ration and astonishment’’ when he found 
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the mercury column sinking in the tube. 
The surveying aneroid and the airplane 
altimeter were now possible. In addi- 
tion, the barometer was used to indicate 
daily small changes in atmospheric pres- 
sure, which before long came to be asso- 
ciated with weather changes; high pres- 
sure vaguely foretelling fair weather, 
and low pressure, foul. 

The barometer and thermometer soon 
became, and still remain, the most impor- 
tant instruments in meteorology, but 
other developments followed fast. In 
1653, that same Grand Duke of Tuscany, 
incidentally, whose well had started the 
whole barometer sequence, established 
several weather observing stations 
throughout northern Italy—the first 
weather network ever projected and the 
germ of modern weather-reporting ser- 
vices—and sought to establish also an 
international chain of stations. 

Somewhere around 1667 men devised 
the earliest type of anemometer, giving 
the first numerical measure of wind 
strength; the device was merely a rec- 
tangular plate hung by one end so that 
increasing wind pushed it out to an in- 
creasing angle from the vertical. Ro- 
tating anemometers came into use by 
about 1724, and the instrument was 
further improved some fifty years later 
by the Swiss geologist, meteorologist and 
alpinist, Horace Benedict de Saussure. 
Saussure also pioneered much of the 
early work in moisture measurement; 
and he invented the hair hygrometer, 
which indicates the relative moisture of 
the air in simple and direct fashion by 
virtue of the fact that a strand of hair 


expands when it is moist, contracts when 
it is dry. 


Ill 
The great trade winds of the tropics 
had been known and used for centuries 
before any one sought rationally to ex- 
plain them in the light of known facts. 
In 1686, Edmund Halley, soon after 
calculating the orbit and predicting the 


return of his seventy-year comet 
lished in England a paper entitled 
Historical Account of Trade Wi: 
Monsoons Observable in the Se 
tween and Near the Tropicks, w 
Attempt to Assign the Physical ( 
of the Said Winds.’’ Halley right 
cluded that monsoons—winds b! 
alternately from sea to shore and 
to sea—were caused by the temperat 
differences between land and water 
also demonstrated that the sun’s 
near the equator was the primar 

of the trade winds. But he ove: 
one very important factor in the w 
of the world, which another English 
George Hadley, discovered in 17 
This factor is the deflective force du 
the earth’s rotation, which causes 
southward-drifting trades to turn 
and leads the northward air drifts 
temperate latitudes to turn east. 

Around 1850, Heinrich Wilhelm D 
one of the greatest of all meteorol 
and climatologists, brought out in 
many his celebrated book on the 
of Storms.’’ He tried to give a 
explanation of the great wind syste: 
the world, postulating two main ci! 
tions in each hemisphere: one betw 
the equator and the tropics, the 
between the tropics and the pole 
studied keenly the origin of large 
storms—the cyclones or ‘‘lows’’ of 
perate latitudes—and concluded 
they were due to the continual st 
between tropical air currents flowin 
from the south and polar air curr 
flowing down from the north. This ea 
idea of Dove’s is, as we shall see, 
germ of modern weather analysis met 
ods that have recently revolution 
temperate-zone aerology. 

Around 1850, too, Matthew Fonta 
Maury of the U. S. Navy made ! 
famous researches into the prevail 
winds of the seven seas. Maury fi! 
prepared complete charts of these wincs 
and by using his charts, sailing-sh)| 
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captains cut the time of long voyages by 


25 per cent. 

After Dove and Maury came many 
distinguished men, advancing theoretical 
meteorology in various particulars. 
William C. Redfield in America studied 
West Indian hurricanes and the storms 
of the Atlantic coast, finding that ‘‘a 
eyelone is constituted by a considerable 
mass of air endowed with a rapid move- 
ment of rotation in the direction oppo- 
site to the hands of a watch.’’ William 
Ferrel, also an American, worked for 
many years on the problem of world air 
circulation, and published theoretical 
solutions that were accepted for some 
time. At the time of the American Civil 
War, Sir Francis Galton, working in 
England, wrote: ‘‘I have deduced 
the existence not only of cyclones, but 
of what I dare to call anticyclones.’’ 
And to-day, the anticyclone, or ‘‘high,”’ 
is beginning to assume even more impor- 
tance in modern weather forecasting 
than the traditional cyclone, or ‘‘low.’’ 
In Holland, Buys Ballot framed his oft- 
reiterated law of pressure-wind rela- 
tions: ‘‘If you stand with your back to 
the wind in the northern hemisphere, 
then the low pressure will be on your left 
hand’’; and developed other important 
pressure field—wind field relations. 
Towards the turn of the century Hugo 
Hildebrand Hildebrandssen of Sweden 
and Leon Teisserene de Bort of France 
revised Ferrel’s theory of world winds, 
and in their ‘‘ Fundamentals of Dynamic 
Meteorology’’ reduced all previous ideas 
of planetary circulation to the complete 
and unified theory that is generally 
accepted to-day. 


IV 


In the opening years of the nineteenth 
century the Chevalier de Lamark, work- 
ing in France with Laplace, Lavoisier 
and others, established a network of 
weather stations and published a series 
of annual weather reports. Back in 1820, 


METEOROLOGY 


9G 


Heinrich Wilhelm 


had conceived a simple yet 


Brandes, a German 
profoundly 
important idea. This was, in brief, tha 
the 
weather could best be studied by plotting 
on a map observations 
taken at the same 
possible. A year later 


these 


phenomena of the 


wide-spread 
various weather 
time, covering as large 
an area 
William C. 


synoptic maps of Am 


as 
Redfield was drawing 
erican weather con 


ditions. But in those days, of course, 


the synoptic maps could not be made 
until slow 
tant 
studied 
rone. 
In 1844 the first commercial telegraph 
clicked from Baltimore to Washington 
the devout ‘*‘What hath God 
wrought!’’ At the same time men were 
suggesting, in various parts of the world, 
that the new electrical marvel be used to 
send weather reports from outlying sta- 
tions in to control weather offices. But 
the first actual telegraphic weather re- 
ports were sent, also in the United States, 
in 1849 at of the great 
electro-physicist Joseph Henry. He and 
James Pollard Espy (who had developed 
the convective theory of cyclones) organ 
ized the first regular 
the United States, now grown into our 


ad arrived from dis 
the 


come, done 


mails h 
until being 


and 


weather 


its 


places 


had 


worst 


message : 


the suggestion 


weather service in 


large, ubiquitous and immensely useful 
Weather Bureau. Like another 
admirable American agency of peace, 
this weather project was born in our 
War Department; and the first official 
American weather forecasters were 
officers detailed to that 
duty. 

Espy and Elias Loomis greatly im 
proved weather plotting methods. Un 
der them the daily weather map grew 
towards the romantic tapestry it is to 
day, showing at a glance all the morn- 
ing’s weather over the whole of North 
America from Alaska to Panama. Daily 
weather maps were introduced into En 
gland by Admiral FitzRoy, who in 1861 


many 


army 


unaccustomed 
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aw 


hazarded a storm forecast that actually 
came true. Soon after, in France, the 
astronomer Le Verrier began publishing 
a daily, up-to-the-minute weather map. 
Meanwhile, FitzRoy, together with Sil- 
jestrém and Lilliehéék in Sweden, con- 
firmed and elaborated some of the storm 
theories of Dove. 
V 

The first upper air meteorological 
sounding was made by Dr. Alexander 
Wilson, a Scotchman, in 1749. He tied 
a thermometer to a kite and sent it aloft 
to measure the temperature at upper 
levels. During recent years a score of 
airplane pilots scattered over the United 
States, and perhaps another score else- 
where in the world, have gone aloft each 
morning with much the same idea in 
mind ; for Wilson really started, unknow- 
ing, the whole modern, much-publicized 
program of ‘‘air mass analysis.’’ About 
1809, Thomas Foster began to use in En- 
gland small balloons rising freely as a 
means of determining the winds at upper 
levels, watching their drift from a 
ground observing station. Thus began 
**pilot balloons,’’ which now ascend un- 
complaining each day at all hours and in 
all weathers from three score stations in 
the United States alone. 

During the late eighteenth and early 
nineteenth centuries the free balloon was 
in its heyday, daily carrying men to 
various adventures and not seldom to dis- 
aster. The first temperature measure- 
ments of the upper air were made by the 
aeronauts Jeffries and Blanchard in 1784. 
Soon the balloon was in common use for 
atmospheric soundings. In the eighteen- 
fifties John Welsh, of England, made sev- 
eral ascents up to an altitude of about 
20,000 feet (higher than sounding air- 
planes go to-day), observing pressure, 
temperature and humidity at all levels. 
At about the time of the American Civil 
War, Scientist Glaisher and Pilot Cox- 
well rose above watchful England in a 


series of atmospheric soundings that 
little to be desired for thoroughness 
accuracy. One of their twenty 
ascents reached an astounding 
(considering their preparation and « 
ment) of something like six miles 
intrepid pioneers, incidentally, 
tempted the first aerial photograp! 
dropped the first aerial bombs. 

Toward the end of the nineteent 
tury self-recording instruments wer 
veloped which made it unnecessar: 
men to go aloft after meteorological 
The smaller sounding balloons, or 
loon-sondes, could go far higher w 
discomfort—easily to altitudes 
ten miles and perhaps to twenty. I 
dition to his theoretical work, Teiss: 
de Bort pioneered in France and « 
where these high-altitude, small-ba 
soundings. In 1901 he discovered 
stratosphere or isothermal layer 
still, frigid region where temperat 
stops decreasing with increasing heig 
De Bort sent up his balloons from va: 
points in Europe and from his st 
yacht in the south Atlantic Ocean 
Germany, Richard Assman also sour 
into the stratosphere with self-record 
instruments. In the United States 
bot Lawrence Rotch, of Blue Hill, s 
up many sounding balloons to gr 
heights, and collaborated with de B 
in studies which showed the variatio: 
height of the stratosphere base fro 
to equator. 

The latest development in atmosp 
sounding is the ‘‘raysonde’’ or rad 
sounding-balloon, a small robot wi! 


\ 


sends back word of pressure, temperatu 


and humidity being encountered as 


rises through the troposphere and int 


the stratosphere. The first raysondes 
peared around 1925, and a standard 
strument went into quantity product 
in 1938. 


VI 


The present inspiring phase of meteor 
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ological progress, so far as we know it, 
began during the Great War. About 
1893, it is true, Frank Hagar Bigelow, 
of the United States Weather Bureau. 
had developed his ‘‘counter current’’ 
theory of the origin of cyclones, ampli 
ving the earlier ideas of Dove. Bigelow 
thought that the interchange of air be- 
tween equator and pole takes the form 

ereat currents of unlike air, flowing 
side by side. The northward-moving 
currents, of tropical origin, are warm and 

vist ; the southward-moving currents, of 


polar origin, are cold and dry. Twenty- 
five years later U. S. Army weather fore- 
casters with the American Expeditionary 
Forces in France used technique closely 
approaching modern physical weather 


analysis. 

But chief credit for the systematic 
building of all these early ideas into the 
unified and workable whole of modern 
air-mass-and-front theory and practice 
must go to a few weather analysts in 
Norway. Their work reached practical 
importance around 1918, and continues 
at the present time. Three of them 
are from one lineal line: Carl Anton 
Bjerknes, the grandfather, began with 
theoretical hydrodynamics in the nine- 
teenth century; Vilhelm F. K. Bjerknes, 
the father, applied hydrodynamical 
theory to meteorolgical theory; Jakob 
Bjerknes, the son, translated this theory 
into practical applications. Collaborat- 
ing with the younger Bjerknes are others 
of the Bergen school—notably Halvor 
Solberg, Tor Bergeron and Sverre Pet- 
terssen. The new ideas have been her- 
alded under a variety of names, of which 
‘polar front theory’’ and ‘‘air mass 
analysis’? are the most common. But 
more accurately descriptive, perhaps, 
are “‘air-mass-and-front analysis’’ and 
“physical weather analysis.’’ Here 
again invention sprang from necessity, 
for in the World War of 1914-18 the 
Norwegians were cut off from outside 
weather reports, and hence had to ana- 


lyze their loca 
more thoroughly 
ever before 

The Bjerl 
first appeared 
ter of 1923 
beginning ft 
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lectured at 
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air mass sojourns in a new geographic region. 
This modification is usually accomplished first 
at the surface, later aloft. 

3. When two dissimilar air masses are brought 
together by the general atmospheric circulation 
they do not immediately mix; a definite bound 
ary or discontinuity zone (perhaps five or more 
miles wide) occurs between them. Along and 
near the boundary colder (denser) air always 
underlies warmer (rarer) air in the form of a 
wedge; hence the ‘‘front’’ between the warm 
and cold masses (actually a mixing zone but 
pictured and spoken of as a discontinuity sur 
face) is usually inclined at a small angle to the 
earth’s surface. 

4. Definite air mass interactions (producing 
variable winds, clouds, rain and other weather 
phenomena) occur along these fronts. The form 
and intensity of these interactions depend on the 
differences in characteristics of the dissimilar air 
masses involved, their extent, and the rapidity 
with which they are brought together. 

5. In addition to this ‘‘frontal’’ weather, 
clouds, rain, and other weather effects may occur 
within air masses where the characteristics of 
the air mass itself favor them, and where terrain 
features and the motion of the air mass accen 


tuate these characteristics. 


It must be emphasized that air-mass- 
and-front analysis applies mainly to the 
temperate zones of the earth’s surface. 
The tropics are under warm, moist, 
‘*tropical marine’’ air almost all the 
time, and this air varies -in heat and 
moisture only slowly with the seasonal, 
north-south slow swing of the ‘‘appar- 
ent’’sun. The arctics are likewise under 
fairly uniform cold, dry ‘‘polar conti- 
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nental’’ air most of the time. It is 


in one of the temperate zones that 
‘polar front’’ causes a continuous 
play of unlike air masses and large-s 
eyclonie storms. However, the 
perate zones in general, and the 1 
temperate zone in particular, are 
most of the world’s people live 
where most of mankind’s intellectual ; 
material advancement is carried on 
Significant and revolutionary as 


new air-mass-and-front analysis methods th 
are, they have disproved no phy me 
principles that came before them; ul 
will they. The wind is still ‘‘a fi rl 


of air,’’ as the ancient Ionian define 

The rise of liquids in exhausted tubes 
still due to an ‘ 
by the atmosphere on the surface of 
liquids,’’ as Torricelli stated during 


‘outside pressure exert 


Renaissance. The large-scale storms 
the temperate zones are still due, as D KI 
discovered when the United States was nl 
young, to the continual strife th 
garbed in the nomenclature of air 1 W 
and fronts) between tropical and polar in 
air currents. There is nothing abs r 
lutely new under thesun. But the world di 
does move, and meteorology moves u 
the forward march of science. H 
Acknowledgment: I am indebted to M a 
Alfred H. Thiessen, U.S.A. (Rtd.), forme ™ 
of the Army Aerological Service, for a " 
reading of this paper. pi 








SKETCH OF THE DEVELOPMENT OF THE 
WATER CULTURE METHOD OF 
GROWING PLANTS 


By Dr. JOHN W. SHIVE 


PROFESSOR OF PLANT PHYSIOLOGY, RUTGERS UNIVER 


+} Tue history, development and use of 
the water culture and sand culture 
methods for the study of plants may be 
livided into four rather distinct periods: 
The first period began about 1700 and 
ended about 1800. The second period 
ended about 1860. The third period ex- 
tended from 1860 to about 1900. The 
thi fourth period began about 1900 and con- 
tinued to the present time. 

The water culture of plants as it is 
ve known to-day probably had its begin- 
nings in the work of Woodward’ during 
w the late years of the seventeenth century. 
Woodward grew several species of plants 
ar in different kinds of water: rain water, 
; river water, spring water, conduit and 
distilled water, in an attempt to discover 
the so-called ‘‘principles of vegetation.’’ 
He concluded that water is the carrier 
of ‘terrestrial matter’’ from which vege- 
tables are formed, that earth, and not 
water, is the matter which nourishes the 
plants. This is the earliest record of 
experiments with water cultures. Fol- 
lowing these early experiments with 
water as a culture medium other inves- 
tigators of plants became interested, and 
prior to 1800 several series of investiga- 
tions with water cultures are recorded. 
Thus Duhamel du Monceau,? in 1750, 
from the results of a comparative study 
of plants grown in soil and in water cul- 
ture concluded that the plants in both 
eases had the same composition. This 


1J. Woodward, Phil. Trans. Royal Soc. Lon 
don, 21: 382-398, 1699. 

2H. L. Duhamel du Moncean, ‘‘La physique 
des arbes.’’ Paris, 1758. 
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work was published in 1758. However 
during this early period so little was 
known about the fundamentals of pla 
nutrition that there was small chance f 
any profitable outcome from such exper 
ments, although during this period the 
conception of soll minerals as pian 
nutrients was developed. This paved the 
way for the extensive investigation of the 
assimilation of the ash constituents « 
plants carried out during the second 
period in the history of water culture 
development 

At the beginning of the second period 
about 1800, some experiments with water 
cultures which had some real significance 
were carried out by de Saussure He 
investigated the absorption of certain 
salts by a variety of plants from various 


1 


solutions. Some of his conclusions, at 
that stage in the history of water culture, 
had considerable importance and they 
were sometimes referred to as his 
‘‘laws.’’ He discovered that roots ab 
sorbed much more water than was re 
quired by the plant for nutritive 
purposes and that they extract much less 
of salt than of water from any give! 
solution, and that all the salts in a mixed 


solution are not equally absorbed, thus 


laving the foundation for the concept of 
differential salt absorption by plant 
roots. He discovered also that roots 


absorb substances from solution regard 
less of whether these substances are 
essential in the metabolic processes of t! 

T. de Saussure, ‘‘ Recherches chimiques sur 


la végétation.’’ Paris, 1804 
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plant or not, although Sprengel* was 
perhaps the first to assign specific impor- 
tance to the essential elements, which he 
said could not be replaced by others, and 
to state specifically that not all the ash 
constituents are essential to the plant. 
This was a direct contradiction to the 
older view that roots had the power of 
selecting from the soil just those sub- 
stances which the plant required and 
rejecting all The 
differential absorption of ions from solu- 
tion came as a much later development. 

By the middle of the nineteenth cen- 
tury, sufficient information concerning 
the fundamental principles of plant 
nutrition and of plant physiology had 
accumulated through the work of such 
men as Liebig and Boussingault to lay 
the foundations for the beginnings of the 
real development of the water culture 


others. concept of 


technique. 
Liebig’s® book, published in 1840, 
cleared the atmosphere of the many 


erroneous and misleading ideas of the 
time regarding not only the essential 
constituents of plants, but the 
from which these constituents 
are derived. He was one of the first to 
correctly assign to the soil the réle which 
it plays in the nutrition of plants, and 
recognized for the first time that the 
source of carbon in the plant is the car- 
bon dioxide of the air. However, he 
denied oxygen respiration in the plant 
because of its connection with the elimi- 
nation of carbon dioxide, nor did he 
understand the rédle of the soil as a 
source of nitrogen. The publication of 
his book on the application of organic 
chemistry to agriculture and plant physi- 
ology served as a great stimulus to the 
chemists and plant physiologists of the 
time toward undertaking the investiga- 
**Die 


also 


sources 


4C. Sprengel, Lehre vom Diinger.’’ 
Leipsig, 1839. 

5 Justus von Liebig, ‘‘Die organische Chemie 
in ihrer Anwendung auf Agrikultur und Physi- 


Braunschwieg, 1840. 


ologie.’’ 


tion of fundamental problems 
nutrition. 

Liebig’s theory of the mineral 
tion of plants which attributed 
soil the function of supplying 
plant the mineral elements requir 
growth, as well as water, was ex 
mentally verified by Boussinga 


grew plants in artificial soils consis 


of inert, insoluble substances, su 
quartz sand and charcoal wi 
watered with nutrient solutions of 


chemical composition. By the us 


these artificial solid substrates sup) 
known composit 


with solutions of 
Boussingault was able to show t! 
minerals present in the ash of the ; 
were all derived from the soil and 
the soil only. He further showed 
plants were unable to make use 
uncombined nitrogen of the air, b 
able to satisfactorily absorb their s 
of this element from the solutions 
taining nitrates which he applie 
artificial soils in the complete abs: 
**humus,’’ thus exploding also t! 
worn ‘‘humus theory’’ which postu 
that the chief source of carbon and 


essential materials for plant growt 


the animal and plant wastes whic! 
mulate in the soil. The honor of i 
ing the modern approach to the met 
of investigating the inorganic nut 
of plants must be assigned to Bo 
gault, more than to any other, and i 
approach water culture techniq 
sumed a major role. 

After it was once recognized, la: 


through the work of Liebig and B 


singault, that in the 
plant it is the chief function of t! 


economy ol 


to provide the mineral elements requ 


for growth and that these elements « 
eS 


sur la Vv 
} 


6 Boussingault. ‘‘ Recherches 
tion.’’ (A loag series of papers, pu 
of which began about 1837 and continued 
his death in 1887.) 
chimie agricole et 
Paris, 1886. 
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be added, in the form of solution, to an 
inert, insoluble substrate from which the 
plant eould effectively absorb these ele- 
ments, it was then only a step further 
to attempt to supply the necessary ele- 
ents, as well as water, to the plant inde- 
pendently of any solid medium, even an 
artificial soil. With this idea finally well 
established through the work of 
singault it be regarded 
brought to a close the second period in 
the history of solution culture of plants 
after a time lapse of about sixty years. 

The third period in the history of 
water cultures began about 1860. The 
real development of the water culture 
technique was initiated with this period. 
It was the natural outgrowth of the more 
modern ideas about the fundamental 
principles underlying the nutrition of 
plants. After it had been 
that plants could be successfully grown 
in an artificial insoluble medium sup- 
plied with the mineral salts in the form 
of solution and that a 
was not an essential, the attempt to grow 
plants in a water solution of known com- 
position followed as the next logical step. 

During this period the investigation of 
the pressing problems in the nutrition of 
plants followed two methods 
One of these was to compound an artifi- 
cial soil of insoluble, inert constituents 
add to it solutions of soluble salts 
which were known to be essential for 
This method, introduced by 
Boussingault, improved and extensively 
used by Salm-Horstmar’ has since 1860 
undergone many technical improvements 
and has been employed by many investi- 
| gators for experimental work. The sec- 
5 ond method is that of ‘‘water culture’’ 
introduced and successfully used for the 
| first time by Sachs to determine what are 
q *Salm-Horstmar, Jour. Prakt. Chemie, 52: 
1-37, 1851; also 54: 129-133, 1851, and a series 
of papers published in the Jour. Prakt. Chemie 
from 1849 to 1855. 
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the essential mineral elements requ 
for the growth of plants 

The 
known to-day, had 
when Sachs° p iblished the 


water culture method, as it 

its beginning at the 
time first 
standard formula for a nutrient 


for plants in 1860. The original te 


solution 


nique developed by Sachs is still used 
extensively, pract Lily naltered He 
believed the water culture method to 
valuable for the investigation of fw 
mental problems in plant phys 
because it eliminated many of the 


knowns of the soil and provided a means 
the - 


not attainable in 


of chemical control 


complex soll svsten Cc 
The very extensive researches carried - 
out during the early vears of this period a 
by Sachs,° Knop, Wol Nobbe.*: - 
Birner and Lucanus,'* and others with J 
the technique developed by Sachs prove: - 
to be very fruitful lr} res S nis . 
work placed the water culture method 
and the preparation of culture solutions 
on a very definitely scientific bas nd " 
established the values and usefulness r 
the method in dealing with problems of c 


the crowth and metabolis if plants u 
During tl 


ard solution formulas for 


s period many stand 


veneral. 


plants in water culture were proposed 
and published. The use OT Ss lutior ec oo} 
known composition enabled the invest 
gators to differentiate definitely betwee 
the essential elements required for 
growth and development and the non 
essential elements which are absorbed by 

8J. Sachs, Landw. Vers t.. 2: 219-268 
1860. 

1 J. Sachs, La I t..2:§ 1. 18¢ 

W. Knop, La hsst., 2: 65-9 

270-293, 1860, and a series of papers published 
between 1860 and 1865 

11 W. Wolf, Landw. Ver hsst., 6: 2 
1864, and 7: 193-218, 1865 

i2 F. Nobbe, Landw. Versuchsst.. 7: 68-7 
1865. 


H. Birner 


Versuchsst., 8: 


B Lucanus, La 


1866. 


and 


128-177 
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the roots and appear in the ash of the 
plant. The elements required for green 
plants absorbed by the roots from the 
substrate were found to be potassium, 
calcium, magnesium, nitrogen, phos- 
phorus, sulphur and iron. To these, as 
the result of later discoveries, must now 
be added manganese, boron, zine, copper 
and perhaps some others. Another out- 
standing feature of the early investiga- 
tions of this period was the observation 
by Knop, who concluded from the extent 
to which the several elements were ab- 
sorbed by the plant from solution, that 
there was a greater resistance of the 
plant membranes to the penetration of 
sulphate than of nitrate. This observa- 
tion suggested the concept of proto- 
plasmic permeability as an important 
factor in the absorption of the various 
essential nutrient elements. The quanti- 
tative studies of Knop indicated clearly 
that the plant is able to absorb salts 
selectively under a wide variety of con- 
ditions. Even at this early period it was 
clearly recognized by the investigators 
that the composition of a culture solution 
could vary considerably without produc- 
ing noticeable effects upon the plants 
provided only that the ranges in salt 
proportion were kept within certain lim- 
its and actual deficiencies of any of the 
required elements did not occur. Some 
of the nutrient solution formulas for the 
growth of plants which were proposed 
and published during the first decade of 
this period of solution culture history are 
still used extensively, notably that of 
Knop™ published in 1865, which has 
perhaps been more widely employed than 
any other in studies dealing with the 
problems of plant nutrition. 

The intense interest in water culture 
technique and its use in plant studies, 
which characterized the period between 
about 1860 and 1880 subsided emphati- 

14 W. Knop, Landw. Versuchsst., 7: 93-107, 
1865. 


cally during the last quarter of the ni; 
teenth century and near the end 
century solution culture had pract 
fallen into the discard. Only a fey 
searches of significance appeared sp 
ically in the literature during this 1 
and the third period in the history 
water culture method came to an 
with the close of the century. The ; 
ress which was made during these { 
years had far reaching effects. It 
the foundations for more thorough st 
and a better understanding of the 
plex processes involved in the nutrit 
of plants. Furthermore, it had a 
found influence upon the new scie1 
plant physiology which marks its 
beginning during the first years of 
period. The investigations carried 
during this period with the water 
ture technique have even to-day 
mendous influence upon fertilizer 
tices and soil management for purpos 
of large scale crop production. 

The fourth and present period 
history of water culture and sand 
had its beginnings during the early ° 
of the present century. It has been 
acterized by a vigorously renewed a 
ity in the application of the water cu 
technique to solving the pressing 
lems of plant nutrition. This rei 
activity followed immediately upon 
diseovery during the first decade o! 


century, of several new essential elements 


for plant growth. The fact that t! 


newly discovered essential elements a! 


required by the plants only in mi! 
traces led to great improvements in 
water culture technique, and gr 
strides were made in the refinement 


methods and in the purification of nutr 


tive materials for accurate study. Bet 
ter and more adequate equipment for t! 


experimental set-up was devised 
used. Through this great refinement 
the water culture technique and 


provement in the methods of operatic! 
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it is now possible to add to the list of 
essential elements for plants boron, man- 
eanese, zinc, copper and undoubtedly 
others will be added with still further 
ehemical and physical refinements. <A 
knowledge of the essential nature of these 
elements, although required by plants 
only in trace quantities, has already 
proven to be of definite practical impor- 
tance in agricultural procedures for the 
eommercial production of plants and 
plant materials. 

During this present period many for- 
mulas for nutrient solutions have been 
proposed and published by Pfeffer’® in 
1900, by Crone*® in 1902, by Totting- 
ham’ in 1914, by Shive** in 1915, by 
Livingston and Tottingham” in 1918, by 
Hoagland”? in 1920, by Jones and 
Shive* in 1921 and others. 

The newly aroused interest in the solu- 
tion culture methods and the vigorously 
renewed activity in the experimental 
studies of plant nutrition during this 
period resulted in the development of 
new concepts relative to the processes in- 
volved in the absorption, assimilation 
and accumulation of the required ele- 
ments by the plant from nutrient solu- 
tions. It led to the development of more 
accurate methods in following these 
processes in a quantitative way. As a 
result of this work it is now known that 

15 W. Pfeffer, ‘‘The physiology of plants.’’ 
Translated by A. J. Ewart, Oxford, 1900. 

16 G. Crone, ‘‘ Ergebnisse von Untersuchungen 
liber die Wirkung der Phosphorsiiure auf die 
hdhere Pflanzen und eine neue Nihrliésung.’’ 
Sitzungsber. Niederrhein. Gesel. Nat.-und Heil- 
kundee Bonn. 1902: 167-173, 1902. 

17W. E. Tottingham, Physiol. Res., Vol. 1, 
No. 4, May, 1914. 

18 J. W. Shive, Amer. Jour. Bot., 2: 157-160, 


1915, and Physiol. Res., Vol. 1, No. 7, Nov., 
1915, 

*B. E. Livingston and W. E. Tottingham, 
Amer, Jour. Bot., 5: 337-346, 1918. 

20D. R. Hoagland, Science, N. 8., Vol. 52, 
No. 1354, pp. 562-564, Dee. 10, 1920. 

21L. H. Jones and J. W. Shive, Jour. Agr. 
Res., XXI: 701-728, 1921. 
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the elements are absorbed from solution 
in the ionic state and that the ions are 
selectively absorbed by the roots, and 
that this selective absorption profoundly 
influences not only the chemical com po- 
sition and reaction of the nutrient me 
dium but also changes some of the 
physical characteristics of the medium 
which in turn affect the activities and 
metabolic processes of the plant A 
knowledge of the manner in which plants 
are capable of altering the physical and 
chemical properties of a culture solution 
suggested the desirability of renewing 
the nutrient supply at frequent intervals 
in order to overcome these disturbing 
influences in quantitative studies. This 
led to the development of various devices 
and mechanisms by which the culture 
solutions in either water cultures or sand 
cultures can be automatically renewed, 
without interruption, by continuous flow 
methods. Such devices have been used 
and described by Trelease and Living- 
ston,?? by Shive and Stahl,** by John- 
ston** and others, and they have played 
an important part in the development 
and effectiveness of the water culture 
technique. 

It has been shown also through the 
work carried out during this period that 
plants can absorb from solution an excess 
of the nutrient elements beyond that 
required for maximum production if the 
elements are maintained in the medium 
in sufficiently high concentration. As 
the result of such studies considerable 
attention has been given to the concept 
of ‘‘physiological balance’’ of salt and 
ion proportions in culture solutions 

The intense interest and the remark- 
able activity not only in the development 
and use of the water culture technique 

228. F. Trelease and B. E. Livingston, 
Science, 55: 483-486, 1922. 

23 J. W. Shive and A. L. Stahl, Bot. Gaz., Vol 
84, No. 3, Nov., 1927. 

24 E. S. Johnston, Plant Physiol., Vol. 2, No 


2, 213-215, 1927. 
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but in all phases of plant studies has 
resulted in a greater advancement of the 
science of plant physiology in general 
and in a better understanding of the 
fundamental principles of plant nutri- 
tion in particular during the past quar- 
ter of a century than has been accom- 
plished during all the previous years. 
Yet many of the most important prob- 
lems relating to the nutrition of plants 
still remain unsolved and the water cul- 
ture technique and culture solutions must 
surely be employed in their solution. It 
is important to call attention to the fact 
that the water culture method in its pres- 
ent stage of development provides a re- 
search tool of incalculable value in the 
hands of the trained plant scientist. It 
is also interesting to note that this sci- 
entific tool has been developed through 
the years without any thought toward 
its ultimate practical application to the 
production of plants and plant products 
on a broad commercial and agricultural 
basis. Until quite recently it was em- 
ployed exclusively in connection with lab- 
oratory investigations dealing with fun- 
damental questions of plant nutrition and 
physiology in which a high degree of ex- 
perimental control is an essential feature. 
The scientific interest which has devel- 
oped in this subject, and the importance 
which it has assumed in recent years, is 
indicated by the interesting fact that at 
the beginning of the present period in 
its history, very few laboratories en- 
gaged in plant nutrition studies were 
making use of the water culture methods. 
At the present time, on the other hand, 
there are very few laboratories seriously 
engaged in the investigation of problems 
relating to the nutrition of plants, which 
do not employ and benefit by these 
methods. 

During a decade or more attempts have 
been made to modify and to adapt the 
water culture technique of the labora- 
tory for the production of plants on a 


commercial scale in the greenhouse 


in some cases with a considerable 
of success. Among the early eff 
this direction is the work of ( 
at the University of California, 
and Connors” at the New Jers 


cultural Experiment Station, Wit 


and Biebel*’ at the Indiana Agr 
Experiment Station of Purdue 
sity, Eaton** of the U. 8S. Depart 
Agriculture, Riverside, Califor 
Hoagland and Arnon” at the C 
Agricultural Experiment Statio 
For the commercial growth of 
with water cultures large shallow 
are employed to hold the cultu 
tions. 
wire screens to hold a bed of 
which the plants are supported ov 
solution with their 
through the litter into the solut 
The porous nature of the bedding 


roots prot! 


which supports the plants and the s 


lowness of the tanks is supposed 
vide an aerating system but actu 
not supply an adequate quantit: 
gen for the needs of the plants 
adaptation of the experimental 
tory method of water cultures 
mercial growing of plants was s 
and described by Gericke.’ 
A system less troublesome 

than the water culture techniqu: 
adaptation of the laboratory san 


ture method which was probabl; 


suggested for the commercial prod 
of plants by Robbins. 

25 W. F. Gericke, Amer. Jour. Bot., 
1929, and numerous articles since publis 

26H. M. Biekart and C. H. Connors 
Agric. Exp. Sta. Bul., 588, 1935. 

27R. B. Withrow and J. B. Biel 
Agric. Res., 53: 693-701, 1936. 

28F. M. Eaton, Jour. Agric. Res., 
444, 1936. 

29D. R. Hoagland and D. I. Arnon, | 
California Cir. 347, Dee., 1938. 

soW. R. 
Science, pp. 368-370, 1928. 
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ereenhouse benches are filled with inert 
solid material, such as sand, gravel, 
erusted trap rock or sometimes cinders. 
There materials are periodically flooded 
with the culture solution, either from 
above or from below, by the so-called 
sub-irrigation system, which is then per- 
mitted to flow back into a solution reser- 
voir through a drainage system pre- 
viously installed. This method provides 
adequate support for the plants, as well 
as an effective aerating system. It is the 
method which is most generally employed 
for the commercial production of plants 
in greenhouses. All of these methods 
are adequately described in the litera- 
ture and their operation fully explained 
and they need no further mention here. 

Since in these methods of growing 
plants on a large scale the culture solu- 
tion takes the place of the soil in supply- 
ing mineral nutrients and water to the 
plants, they have been described under 
various names, such as ‘‘dirtless farm- 
ing,’ ‘‘tray agriculture,’’ ‘‘tank farm- 
ing’’ and ‘‘hydroponics.’’ Through the 
extensive publicity given to this subject 
by the popular press during the past two 
or three years it has caught the attention 
of the general public and has taken a 
prominent place in the interest and im- 
agination of plant growers and plant 
lovers throughout the world. 

The popular accounts of the recent 
activities with these methods of growing 
plants, which appear frequently in the 
newspapers and popular journals of all 
sorts, have created the impression that a 
new system of ‘‘soilless farming’’ has 
been developed which bids fair to revolu- 
tionize present methods of crop produc- 
tion and is destined to displace classical 
agriculture. Wholly unfounded claims 
have been made by promoters and popu- 
lar writers who are completely lacking in 
knowledge of the first principles under- 
lying the growth and development of 
plants in general and of plant nutrition 
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in particular. Advertising schemes of 
all sorts hold out these methods of ‘‘soil 
less growth’’ to the unwary amateur as 
an easy road to quick profits 

It can not be too strongly emphasized 
that this recently publicized and so-called 
*“*new method of soilless growth’’ is 
merely the application of approved lab 
oratory experimental water culture and 
sand culture procedure to large-scale 
technique. It involves no newly dis 
covered facts concerning plant require 
ments, but has been developed on the 
basis of an understanding of the under 
lying principles of plant nutrition gained 
through investigations over a long series 
of years conducted on a laboratory scale 
It should be pointed out also that solu 
tion culture and sand culture methods 
whether employed on a laboratory scale 
or for commercial production, contrary 
to the impression which casual acquaint 
ance with this subject might convey, are 
far from being proof against failure 
Successful plant growing, either on a 
small scale or on a large scale basis, in 
soil culture, water culture or sand cul- 
ture, is an exacting art, demanding a 
knowledge of technique, plant require 
ments, and plant behavior. The use of 
solution or sand culture methods of grow 
ing plants in no manner removes the 
necessity of such skill and knowledge 
These methods do offer certain advan 
tages over soil methods, particularly in 
the matter of nutrient control. On the 
other hand, certain technical difficulties 
encountered with these methods do not 
arise when plants are grown in soil, be 
cause in a soil made fertile by simple 
treatment, many of the factors which 
determine the nutrition of the plant are 
automatically adjusted. 

While there is sufficient experimental 
evidence to indicate that the production 
of plants on a commercial seale by the 
water culture and sand culture methods 
is possible there is no authentic evidence 
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upon which to base the claims, all too 
frequently made, that yields produced 
by these methods are greatly superior in 
quality and quantity to those of plants 
grown in fertile soil under identical en- 
vironmental conditions. On the other 
hand, it has recently been shown by 
Arnon and Hoagland" that yields pro- 
duced by plants grown in culture solu- 
tion on a comparative basis of season, 
time period, and experimental conditions, 
in both quality and quantity, were not 
greatly unlike the yields produced by 
plants grown in soil. 

The history of the development of the 
water culture and sand culture methods 
and the experiences of the past eight 
or ten years in the attempts to apply this 
technique to the commercial production 


31D. I. Arnon and D. R. Hoagland, Science, 
89: 512-514, No. 2318, June 2, 1939. 


of plants and plant products mak 
possible to predict that these 
ean have no general agricultural! sio 
cance in the near future, except pe: 
in quite localized areas and under 
special conditions. On the other 
there is little doubt that in the 
future this technique will play a 
role in the commercial product 
greenhouse crops. It is to be er 
sized, however, that the water 
and sand culture techniques as the 
been developed over the years are 
and must continue to be, a very 
tant scientific tool for the experi: 
investigation of problems of plant 1 
tion, plant pathology, and other ag 
tural problems, and their applicat 
large scale production is certain 
mote their usefulness as an experi! 
tool. 


THE CONTRIBUTIONS OF JOSIAH WILLARD GIBBS 


To-DAY the world is made clamorous by men 
who assert that they are strong and seem to be in 
a fair way of proving it. Just what place his- 
tory will assign them remains to be seen, but there 
is no doubt as to their impatt on our own time. 

The world can well be reminded that history 
reserves some laurels for quiet people, and for 
peaceful achievement; the scholar has his place 
as well as the warrior. For those who in the 
non-political spirit of study release new knowl 
edge, history reserves some of its best places. 
Such a one was Josiah Willard Gibbs, a gradu- 
ate of Yale in the class of 1858 and professor 
of mathematical physics for over thirty years in 
the university. A complete example of the aca 
demic man, he was one of the great scientists of 
modern times, and one of the architects of the 
industry which is so important a part of our 
civilization. The one-hundredth anniversary of 
his birth will be observed in the present year. ... 

The first direct result of Gibbs’s work was a 
great stimulus to physical science. He was the 


greatest single influence on the exact develop- 
ment of a new discipline—that of physical chem- 
istry. He added greatly to knowledge concern- 
ing osmotic pressure and dilute solutions. He 
shaped our present concepts of chemical thermo- 
dynamics and electrochemical thermodynamics, 
and thus paved the way for an understanding of 


many metallurgical problems. Thx 
this achievement was as remarkabk 
tent. Gibbs was not an experimenter, 
were few experiments to which he could t 
building on the first two laws of thern 
he could go only where logic could tak« 
the fact that he went so far is a t 
profound ability in mathematical reasoning 
work is marked by uncanny accuracy 
plicity and elegance of method. He n« 
mistakes, and everything that he did 
vived all criticism. 

Gibbs fashioned a key to one set 
forces; it is an accurate key, and 
limited only by the occasions on w 
wishes to investigate or control the for 
ing under thermodynamic laws. With t 
expansion in scientific activity, his forn 
uses over an ever-widening field of h 
deavor. For example, many research prog 
in medicine are studies of the physical cl 
of the human body, and they bring int 
ical research the work of Gibbs. As 
depends more and more upon exact met! 
shadow of this quiet scholar falls more ar 
over the great establishments which ar: 
heart of our national economic life.—/ 
Professor’s Theory and its Practical Uses, } 
University. 
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Durine the last three years there has another. Of the susceptible food an 


heen eonsiderable discussion in the popu- mals t] at are slaughter | for humal 
lar and medical press on the subject of consumption in the United States, none 
trichinosis. So far as can be ascertained are carnivorous i the hog alone has 


from available information, the increased omnivorous habits. Pork is, therefore, 
interest in trichinosis has not been’ the source of human trichinosis in this 
stimulated by severe outbreaks of this country. The onl nown exception to , 
disease, but rather by investigations this general rule is the occasional trans - 
which have uncovered infection with mission of trichinae to man by the con 

trichinae in human cadavers, these in- sumption of bear meat C 
fections having been unaccompanied, ap- " 

narently, during life by evident signs PREVALENCE OF TRICHINAE IN SwINi - 
of illness. The facts brought to light by Although trichinae were first discov . 
hese investigations showed that a sur- ered in swine in the United States in < 
prisingly large percentage of persons 1846, no information was available as to 
dying from various diseases in hospitals the extent of infection with these para 

located, for the most part, in densely sites in hogs until some vears after tl 

populated cities, contained trichinae in_ establishment of the Federal Bureau of j 
the muscles. The degree of infection Animal Industry in 1884. Under the ‘ 
discovered in the course of these investi- meat inspection act of March 3, 1891, 
gations was on the whole very light, and provision was made for a micros op 

was not considered by any of the investi- examination of all pork intended for ex 
gators as the immediate or even a con- port, in order that certificates could be 
tributory cause of death. However, the issued setting forth their freedom fro 

discovery that in some cases 20 or more ttrichinae. This act, the enforcement of 
out of every 100 persons examined after which devolved upon the then 7-year 
death contained trichinae in the dia- old Bureau of Animal Industry, had the 
phragm produced considerable repercus-_ effect of lifting the restrictive measures 
sion, and the subject of trichinosis is against pork of American origin by the 
now being widely discussed in the public countries that had erected trade barriers 


press. against this commodity and incidentally 


eA Ry AE en ee 


supplied much needed information on 

How Man Acquires TRICHINAE un tenienes Of teidiiees ta. meiten te 
Human beings acquire an infection this country 

with trichinae solely as a result of eat- Out of 8,257,928 swine carcasses ex 
ing the raw flesh of an animal that amined microscopically by federal in 
harbors these parasites. Animals be- spectors between the years 1898 and 
come infected in the same manner. It 1906, approximately 1.5 per cent. were 
is evident, therefore, that only carniv- found to contain live trichinae and 
orous and omnivorous animals can about 1 per cent. were found to contain 
transmit trichinae to man and to one what were regarded as dead or disint: 
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grating trichinae, or  bodies_ that 
resembled trichinae, giving a _ total 
maximum infection discovered by the 
microscope of about 2.5 per cent. 

Following the abandonment of micro- 
scopic inspection for trichinae of pork 
intended for export, after the passage 
by Congress in 1906 of the new meat 
inspection act, the prevalence of trich- 
inae in hogs in this country became 
largely a subject of speculation for 
nearly three decades. The figures com- 
monly quoted in various articles on 
trichinosis were those that had been 
brought to light by Government micros- 
copists up to 1906. 

With the reawakened interest in hu- 
man trichinosis stimulated, as already 
stated, by surveys on the occurrence of 
trichinae in human cadavers, the Fed- 
eral Bureau of Animal Industry initi- 
ated in 1933 a survey to determine the 
status of trichina infection in hogs and 
to trace, if possible, this parasitic infec- 
tion to its source. In planning this 
survey, the writer decided to use an 
improved method of examination, con- 
sisting in the digestion of the entire 
diaphragm of each hog involved in an 
artificial digestive fluid containing pep- 
sin and hydrochloric acid. 

It had been recognized for a long time 
that microscopic inspection of pork for 
trichinae is at best a hit and miss 
method, and that light infections could 
be discovered by this procedure only 
occasionally, since the quantity of meat 
that could be compressed sufficiently 
thin between glass slides to make the 
field visible through the microscope is 
necessarily very small. By the diges- 
tion technique, which is applicable to 
research only, a considerable quantity 
of meat can be examined, the results 
giving rather reliable information on the 
presence or absence of trichinae. When 
present, the trichinae are freed from 
the meat in the course of digestion and 
sink to the bottom of the vessel in 


which digestion is taking pla 
parasites, whether dead or ali, 
easily discovered by direet miecr 
examination of the particles wl 
in the digestive fluid. 

By this procedure, there w 
amined between the vears 1933 ; 
approximately 25,000 diaphra; 
as many hogs originating in 
important swine-breeding centers 
country. Of the samples so exa 
13,000 were obtained from swi: 
had been raised on farms and 
age, grain and other feeds, inclu 
some cases, more or less garbag 
about 10,500 were obtained from sx 
determined to have been fed, as th: 
or a large portion of their diet, ¢ 
as collected from municipalities 
stitutions. Leaving out of co 
tion the remaining samples 
from hogs known to have bee: 
cooked garbage and which, as a 
quence of this diet, had pra 
negligible infections with trichir 
findings in the two groups of hogs 
consideration were as follows: 

Only 126 out of the 13,000 
phragms from as many farm-raised 
contained trichinae, whereas 599 
the 10,500 diaphragms from as 
garbage-fed hogs contained these 
sites. Some lots of garbage-fed 
as farm-raised hogs were free 
trichinae. The average incidence 
fection in the farm-raised hogs 
0.95 per cent. and that in the gar! 
fed hogs 5.7 per cent. In other v 
the average incidence of infection v 
trichinae in garbage-fed hogs was 
times as great as that in hogs rais 
the farm. In both groups of hogs ' 
degree of infection was very light 
vast majority of cases. In fact, betw 
70 and 80 per cent. of the tric! 
fected hogs in the two groups had 
fections of a kind characterized by ' 
presence of less than one larva per ¢ 


of diaphragm muscle tissue. Since th 
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one of the 


aphragm is known to be 
ferred locations of these parasites, it 
s sate to conclude that the degree of 
m in the positive carcasses as a 
«hole was much lighter than that in the 
aphragms. 
. It is obvious that in order to arrive 
he present-day incidence of trichinae 
swine in the United States it would 


nfair to average the incidence find- 


Lilia 


es in farm-raised and garbage-fed 
os, for the reason that the latter rep 
sent only a small part of the total 


imber of hogs that come to slaughter 
Precise information on the percentage 
earbage-fed hogs that are marketed 
annually in the United States is unavail- 
able. However, that 10 per 
ent. of these hogs are garbage-fed, and 
some authorities on industry 
this too 
high, the present-day average incidence 
the 


assuming 


animal 


regard figure as being 


f trichinae in all swine, based on 
lence findings discovered in our sur- 
ey, would be approximately 1.5 per 
On superficial comparison, the inci- 
lence figure based on the newer findings 
s precisely that discovered by Bureau 

Animal Industry be- 
tween the years 1898 and 1906, during 


I icroscopists 


which period 1.5 per cent. out of more 


than 8,000,000 hogs examined micro- 
scopically were found to contain live 
trichinae. It must be borne in mind, 
however, that the incidence as deter- 


mined by microscopic examination in 
previous years can not be compared to 


| that determined by the digestion tech- 


. } nique employed in our recent investiga- 
: tions. In order to arrive at a scientific 
» basis of comparing the new incidence 


; figure with that determined in previous 
years, samples from approximately 50 
per cent. of the trichina-infected 
as discovered by the digestion 
nique, were also examined 

ically, three samples being examined 
from each diaphragm with the aid of 


hogs, 
tech- 
microscop- 
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which thev were ed by 
were I l ik S I t 
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ing, conside!l I 
70 and &0 
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would follow, 1 re, that ré 
microscopie xaminat reveals 
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erately or hea ected and 
TO det *T pra ? Ol 


infections 


Assuming t 1 nes witl 
erence to tl t! ! 
hogs diseoveral » h thy tw 
herein reported are generally v: 
incidence of trichinae in hogs dis 
by Bureau of Ani Industry 1 
copists re] te ( 
of the real In « rw 
the incidence of infection witl 
trichinae in hogs dur the pr 
period mentioned, was actually al 
7.5 per cent. as « pared to the pri 
day incidence of 1.5 pe 
shows a sharp d ne the 
trichina inf swine uril 
past three ana ‘¢ e-half aecades 
augurs we for i ontinued 
due to increasing ress in sal 
methods of swine | luctior 

CONTROL OF TR NA In 

IN ~ 

While there is nsiderab 
in the knowledge that ther as be 
decided decline in the extent of 
infection in swine over 
nearly 35 years, those concerned 
the live-stock and meat industries 
take cognizance f the f t that 
present-day status of trichn 
in hogs still leaves much to be 
sired. The preser I lence I 
infection presents a challe t 
stock sanitarians, swine breeders and 
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meat industry of this country, and in- 
dicates that much effort must be ex- 
erted to reduce the extent of and per- 
haps ultimately eliminate altogether this 
parasitic infection in swine. With the 
diminution of trichina infection in swine 
there will be, undoubtedly, a 
ponding decrease of clinical trichinosis 
as well as non-clinical trichina infection 
in human beings. 

The evidence presented in this paper 
shows that the feeding to swine of gar- 
bage as collected favors the spread of 
trichina infection among these food ani- 
Since hogs can acquire trichinae 
only as a result of eating raw, trichina- 
infested meat, it is obvious that such 
meat must be present from time to time 
in the feed. When garbage is a large 
or a major part, or the sole feed of hogs, 
these animals have a greater opportun- 
ity of acquiring trichinae than when 
garbage is fed to them only occasion- 
ally. The fact that nearly 1 per cent. 
of 13,000 farm-raised hogs were found 
to contain trichinae is evi- 
dence that these host animals must have 
had some time or other to 
scraps of raw meat, presumably pork, 
contained in home or other garbage that 
was intentionally fed or made available 
to them. 

The role of rats in the transmission 
of trichinae to swine is still a somewhat 
debatable point. However, the exceed- 
ingly low incidence and low intensity of 
infection’ with trichinae in swine fed 
cooked garbage, as determined in the 
course of our investigations, would tend 
to relegate the rat to a comparatively 
unimportant role in the transmission of 
trichinae to swine. 

Assuming, therefore, that raw pork 
scraps in garbage constitute the main 
source of trichinae for swine, the elimi- 
nation of these parasites from hogs nec- 
essarily involves the elimination of un- 
cooked meat and bones from garbage. 


corres- 


mals. 


eonclusive 


access at 
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In cases in which this is not feasible. ; 
feeding of garbage as collected must 
eliminated altogether in order to « 
swine trichinosis. These recom: 
tions apply to farm-raised as w 
garbage-fed hogs, because the ey 
obtained in the course of our inv: 
tions, as already stated, shows 1 
per cent. of hogs raised on farms |] 
trichinae. The elimination of ¢ 
cial garbage feeding only would 
leave a large residuum of infecti 
trichinae in farm-raised hogs. T} 
tent of what this residuum of in 
would be is shown by the foll 
considerations : 

During the year ended June 30, 1 
there were slaughtered 
inspection 


unde 
approximately 


hogs. On the assumption that 1 
cent. of these animals were gar 
fed and that 5.7 per cent. o 


garbage-fed hogs harbored tri 
nearly 220,000 of these hogs were 
ably infected with the parasites under 
consideration. Among the rem: 

90 per cent. of the hogs slaught 
under federal inspection, about 345 
probably contained trichinae, assuming 
roughly a 1 per cent. incidence of 
fection in these host animals. I! 
evident, therefore, that the eliminat 
of commercial garbage feeding w 
reduce the number of trichina-inf 
hogs only by approximately 40 per ec 
and would still permit the remaining | 
per cent. of trichina-infected carcasses 
to be sold as fresh pork. The effectn 
control of trichinae in swine must 
volve, therefore, due attention to 
feeding of hogs raised on the farm as v 
as garbage-fed hogs (in order to e 
nate from the feed of these anin 
scraps of raw pork, bones, offal, dead rats 
and to the proper disposal by cremat 
or deep burial in quicklime of all hogs 


f 


and other animals that die on the fam 
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PREVENTION OF HUMAN TRICHINOsIS 
THROUGH FEDERAL MEAT 
INSPECTION 

The reduction to negligible 
tions and the ultimate eradication of 
trichinae from swine represent sound 
goals in livestock However. 
since ideal goals in various spheres of 
human endeavor are attained, 
much good can still be accomplished 
by making a compromise between the 
ideal and the practical. Considering 
the difficulties involved in 
tion of trichinae from swine, much can 
be done and much has been done already 
to reduce the incidence of the disease, 


propor- 


sanitation. 


seldom 


the eradica- 


trichinosis, in man by certain meat 
inspection procedures. 
It is unfortunate that nature made 


trichinae so small that their presence in 
a hog carcass can not be discovered by 
the naked eye. Encysted trichinae in 
the muscles are spirally rolled, the indi- 
worms being enclosed in 
cysts, approximately one 
fiftieth of an inch in diameter. Since 
the cysts and inclosed parasites do not 
stand out in sharp contrast to the meat, 
except in infestations of long standing, 
trichina-infected pork does not differ in 
appearance and texture from non-in- 
fected pork. In the course of routine 
inspection of hogs, trichina-infected car- 
casses, therefore, escape detection. 

In the regulations governing the meat 
inspection of the U. S. Department 
of Agriculture, there is contained the 
following provision: 


vidual con- 


nective tissue 


Inasmuch as it cannot certainly be determined 
by any present-known method of 
whether the muscle tissue of pork contains tri 
chinae, and inasmuch as live trichinae are dan 
gerous to health, no article of a kind prepared 
customarily to be eaten without cooking shall 
contain any muscle tissue of pork unless the 
pork has been subjected to a temperature suffi- 
cient to destroy all live trichinae or other treat- 
ment prescribed by the chief of bureau. 


inspection 


The treatments prescribed by the 


Chief of the Federal Bureau of Animal 
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food 


tissue 


Industry for all meat 
} 


containing pork muscle 


products 
that are 


prepared to be eaten customarily wit! 


») 
mating, (2) special 


out cooking, are (1) h 


refrigeration and (3 special processing, 


these procedures having been found by 


extensive, painstaking scientific invest 


vations to be adverse to the life of tr 
} 


chinae. Under the prescribed heating it 
iS required that all meat food products 
of kinds mentioned must be so heat 


that they will attain in all parts a tem 
137° F. The 


involves the 


perature of not less than 


required refrigeration 
jection of pork or of articles containing 


pork muscle 


not higher than 5° F. for a continuous 


tissue TO a tempera ure of 


period of not less than twenty days, 
provided the meat or articles, not ex 
ceeding six inches in diameter, are | g 
s not exceed 

In the cast 


of pork or products packed in barrels 


up singly or packed in box: 
ing six inches in t] 
or tierces, the period of refrigeration 
is extended to thirty days 

less recen 1m 


Owing to 


more o! 
provements in refrigeration, it has been 
determined that meat packing establis| 
ments operating under federal inspec 
their freezers 


tion commonly maintain 


used for treating pork to destroy the 
vitality of trichinae at temperatures 
much than 5° F. With this in 
mind, investigations were conducted ré 
cently by the Animal In 
dustry to determine the extent to which 


lower 
Bureau of 


the required holding period of pork and 
products could be decreased if the tem- 
perature of the freezer is maintained at 
-10° F. The these 
gations showed that when pork is packed 
in boxes not exceeding six 
thickness, the required holding period in 
freezers maintained at —10° F. could be 
reduced to ten days and that when the 


results of investl- 


inches in 


meat or products are packed in tierces, 
the period of refrigeration need not be 


extended beyond twenty days. Tests 
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were made also with trichinous pork 
kept in freezers maintained at a tem- 
perature of -20° F. As would natu- 
rally be expected, it was determined 
that the required holding period at this 
low temperature for pork packed in 
boxes not exceeding 6 inches in thick- 
ness could be still further reduced, 
actually to six days; and for pork 
packed in tierces, the period could be 
reduced to twelve days. These results 
show, therefore, continued 
investigations of and ultimate applica- 
tion of practical methods designed to de- 
stroy the vitality of trichinae in pork 
destined to be converted into products 
of kinds customarily eaten by the con- 
sumer without cooking. 

Special curing methods prescribed by 
the chief of the Bureau of Animal In- 
dustry, in lieu of the required refrig- 
eration or heating, involve the destruc- 
tion of the vitality of trichinae by salt, 
at specified temperatures for definite 
periods. These curing methods, which 
are based on empirical formulae, were 
tested in the course of a series of ex- 
tensive investigations and found to be 
effective in destroying the vitality of 
trichinae before their usé was permitted 
in Officially inspected establishments. 

During a recent period of five years 
there were examined in the laboratories 
of the Zoological Division of the Bureau 
of Animal Industry over 10,000 one-half 
pound samples of meat food products 
originating in federally inspected estab- 
lishments and designed to be eaten by 
the consumer without cooking. Each 
sample was examined by the method of 
digestion previously mentioned, and in 
no instance did any of these products 
contain trichinae capable of developing 
in human beings or in other susceptible 
animals. On the other hand, in the 
examination of 1,000 samples from prod- 
ucts not processed under government 
requirements for the destruction of 
trichinae, 45 were found to contain live 


progress in 
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show COl 


trichinae. These results 
sively that processing for the destr 
tion of trichinae, as enforced b 
eral meat an eff 
safeguard against human trichin 


inspection, is 


POSSIBILITY OF CONTROLLING TR 
NOSIS IN MAN BY THE SKIN 
TESTING OF SWINE 

About a dozen years ago the 
began experimenting with the sk 
as a possible method of diagnosing t 
inosis in live hogs. Since that ti 
subject has been under investigati 
our laboratories, and during the 
two years it has been one of our : 
research projects. The results of 
5,000 such tests made by Spind! 
Cross, parasitologists of the Bu 
Animal Industry, were published 
time ago. Six thousand additiona 
made by these workers, the results 
which are as yet unpublished, confir 
their earlier work and showed 
the main, the extracts of trichi 
be injected into hogs (antigens 
pared by methods that were em; 
commonly in the past for the di 
of trichinosis in man can not b 


pended upon to give reliable res 
when used in hogs that e 
slaughter. 


Recently Lichterman and Kleema: 
the Board of Health of New York ‘| 
proposed a skin test for the detect 
trichina infection in hogs, the results 
which, according to these investigato1 
were nearly perfect. By following t 
technique employed by these invest 
tors, tests carried out in our laboratories 
gave disappointing results. Only se’ 
out of twenty trichina-infected 
gave clear-cut skin reactions, four g 
doubtful reactions and nine gave n 
tive reactions. Out of 257 unint 
hogs, 106 gave clear-cut reactions, s 
gave doubtful reactions and 144 
negative reactions. 

Continued work on the skin test 
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progressing in our laboratory with en- food products containing pork muscl 
couraging results from time to time. tissue of kinds prepared to be eaten w 
Whether a skin test can be ultimately out further cooking are sa 


devised that will combine a high degree they were prepared under Federa 
of specificity in detecting all, or nearly equally competent inspection Proces 
all. infected hogs and giving no reac- sors not operating under inspection 
tion in all, or nearly all, non-infected would do well to adopt in y tl 
hogs, can be determined only by addi- processing pr res develo] 
tional investigations which must take Federal Bureau Animal hh : 
into consideration, among other things, the destruction of tric] T) 
rapidity of the application and noting be done in t! st of human 
the results of the test, in keeping with as well as a protection from lawsuits 
the swift pace of hog killing which pre- growing out of tr nosis in hur 
vails in practically all establishments _ beings all 1 to have result 
operating under federal inspection. consumption products sold as f — 
It must not be overlooked that an ef- for consumption without subs ‘ 

fective skin test, if developed and found  eooking . 
to be practical, would apply only to hogs The elimination of meat sera) . 
slaughtered under federal and other garbage of all kinds. including that . 
equally rigid inspection. Approxi- the farm, or the elimination ling J 

sts : mately one third of the hogs in this to hogs of garbage as collected < 
country are not slaughtered under such the latter is definitely known not t 
inspection ; these would not, under pres- tain raw meat, will reduce sharply t 
ent requirements, be subject to the test. extent of trichina infection in hog :. TI 
Trichina-infected, fresh pork from this prohibition of the feeding of garbage t : 
non-supervised slaughter would still be hogs on a commercial scale alone w r 
entering the channels of trade, unless eliminate only approximately 40 pet C 
the skin test were universally adopted. cent. of the trichinous hogs, assuming 
Considering the fact that but few States that this prohibition could be m 

S and not a great many municipalities en- lously enforced 
foree a rigid meat inspection, it is doubt- Although the available evidence ind t- 
ful that a skin test for the detection of cates a sharp decline in the extent of = 
trichinae would be adopted in connection trichina infection in hogs during tl] = 
with all slaughter of hogs. past 35 years, livestock sanitarians : 


: swine producers and meat packers mu 
SUMMARY AND RECOMMENDATIONS not relax their efforts in bringing about 
S : Considering the fact that approxi- a continued reduction, even at a greater 
| mately 1.5 per cent. of hogs which come pace than heretofore, in the incidence of 
to slaughter are infected with trichinae these parasites in swine. Such efforts 
s | in varying numbers, it is essential that if carried out successfully, will eliminate 


} fresh pork and pork-containing meat from pork the stigma which now som 
=> : food products of kinds not processed for times attaches to it, as being responsibl 
: the destruction of the vitality of tri- for the production in man of the diseas 
 chinae, be cooked thoroughly in the trichinosis, and non-clinical infection 
5 home and publie eating places. Meat- with trichinae 
| 
5 : 














THE RESPONSIBILITY OF EDUCATION TO 
SOCIETY 


By Dr. HARRY ELMER BARNES 


COOPERSTOWN, NEW YORK 


I 


THE attitude of man toward the re- 
sponsibility of education to society has 
altered markedly, in keeping with the 
progress of human knowledge and cul- 
ture. In primitive and oriental society 
education was informal and consisted 
chiefly in conserving the culture of the 
past and transmitting the customs and 
the traditions of the community. Educa- 
tion was, thus, a religious as well as a 
social duty. There was little compre- 
hension of the idea that man should 
pass on the cultural tradition for the pur- 
pose of improving human society. It was 
taken for granted that the social order 
was the work of the gods and, hence, was 
as perfect as it could well be. Indeed, 
the very idea of altering or criticizing the 
accepted social tradition would have been 
an act of impiety. It was firmly believed 
that the best, indeed the only, way of 
insuring prosperity and security was to 
retain the existing social order unchanged 
and unquestioned. 

The Greeks were the first to challenge 
this attitude. The [onic philosophers 
were the earliest human thinkers to re- 
ject the traditional account of things and 
to bring the resources of the human mind 
to bear upon the analysis of traditional 
interpretations of nature and social insti- 
tutions. The later Greek philosophers 
not only extended this critical function 
of human thought, but thoroughly com- 
prehended the fact that education might 
be made a fundamental instrument of 
social reform and a major agency in pro- 
moting human progress. Indeed, in his 
‘*Republic,’’ Plato proposed that the con- 
trol of society should be placed in the 
hands of educators and philosophers. 
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But such revolutionary ideas as thes; 
were restricted mainly to the philosop} 
ical students of education. The forn 
education of classical times, except an 
the few advanced students of philos 
and science, was still devoted main); 
transmitting and re-enforeing the mores 
institutions and ideas of earlier gener 
tions. The central element in respectal 
classical education, namely, rhetoric, \ 
well designed to promote intellectua 
servatism and docility. 

In the Middle Ages, education was p: 
marily given over to inculeating bot 
divine truths and tradition. 
employed rhetoric, logic and theology 
create a well-rounded and coherent bod 
of knowledge designed to give finality 
the approved social structure. In pra 
tice, it trained youth to participate duti- 
fully and efficiently in feudal society 
in the bureaucracy of the church and t! 
state. 

Neither Humanism nor Protestanti 
wrought any fundamental revolution 
the social attitudes underlying educa- 
tion. While they may have contributed 
to the criticism of Catholicism and cer- 
tain institutions which the latter con- 
trolled or favored, both Humanism and 
Protestantism were primarily interested 
in the transmission of antique tradition 
—one in a literary tradition and th 
other in a theological heritage. Bot! 
placed a new emphasis upon the indi- 
vidual, but neither made any important 
contributions to the idea of the resp 
sibility of education for the reconstruc- 
tion of society. 

With the coming of the period of en- 
lightenment we encounter a revival 0! 
the Greek idea that education may pro 
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mote human happiness and well-being, 
both through training the individual and 
by reconstructing The eight- 
eenth-century ‘*nerfectionists’’ were the 
modern champions of 
education aS an instrument of 
progress. They believed that education 
should be universal and that it would 
wipe out individual inequalities and 
antiquated obstacles to human happi- 


society. 


first important 
social 


ness. 

These educational 
warmly espoused by James Gordon Car- 
ter, Horace Mann, Henry Barnard and 
other American apostles of education as 
promotion of 


doctrines were 


an instrument for the 
democracy. They labored mightily to 
bring about free public education. But 
altogether too little attention was given 
to the content of the education which, it 
was hoped, would extend and perpetuate 
the democratic experiment. For the most 
part, the democratization of education 
eonsisted mainly in passing on the older 
heritage to a larger group. Though we 
have seen to it that everybody can now 
vo to school, we have been far less wise 
and proficient in making it certain that 
what our children study in the schools is 
of direct relevance to the solution of our 
public problems. Since the days of Hor- 
ace Mann, we have assumed to be inter- 
ested in educating the common man for 
the duties of citizenship in th? contem- 
porary world. Yet, in spite of the highly 
novel character of our civilization, the 
basic content of reputable education still 
remains roughly similar to that which 
was deemed suitable for the instruction 
of the children of the European nobility 
three centuries ago. Indeed, one of the 
most widely discussed of the recent plans 
for revamping our present system of edu- 
eation proposes to revive the educational 
attitudes and curriculum which were 
utilized to train prospective priests in 
the thirteenth century. 

The educational innovators of the 
period of the enlightenment, such as 
Rousseau, were interested in the respon- 


sibility of education for 


} 


sonal development of the child and the 
reconstruction of the social order. But 
even our most progressive profess nal 


students of pedagogy have remained 


chiefly absorbed with educational respon 
sibility for the individual, ignoring the 


fact that no individual 


n secure proper 
development in a cramped and restricted 
Education helped to 
strike off the chains of 
pline, but it gave little heed to the equally 


social environment 


punitive disci- 


paralyzing fetters of an oppressive and 


inequitable social order. Social philoso 
phers, such as Henri Saint-Simon, A 


Ward, vigor- 


guste Comte and Lester F 


ously emp! asized the need for social 
planning and the vital relation of organ 
ized education thereunto But our ped 

rogues gave little heed to their teacl S 


and exhortations. Even in our own di: 
when certain educators with a socio 
cal perspective are shocking many 
their 
find that they are doing little mort 


setting before us the sociological doctrines 


supposed radicalism and daring, we 


which were the common property of 


social philosophers more than a half cen- 
tury ago. 


I] 


The education to become 
alert to its responsibility 
about 


structure of 


failure of 
for bringing 
constant readjustments 


society and 


in our 
thinking has helped to create the out- 
standing social crisis of our generation, 
namely, the tremendous and ever-widen- 


ing gulf between our mechanical equip- 


ment, on the one hand, and our social 
ideas and institutions on the other 
Scientific and technical education have 


made it possible for us to create our im- 
pressive and efficient empire of machines 
But our hesitation and timidity in using 
education as an instrument for social 
planning have enabled our machines rap- 
idly to outdistance the social procession 
We stand, to-day, with our mechanical 


foot in an airplane and our social foot 
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on an ox-cart. Or, to use another figure, 
if we symbolize our technology by a tur- 
bine, our social ideas and institutions 
may be fairly compared to a windmill. 
The latter is, perhaps, most literally sym- 
bolic of our political life and institutions. 
Whatever immediate social problem we 
may consider, be it an economic, political 
or educational question, we are bound to 
find, upon closer examination, that it is 
only a secondary and subordinate mani- 
festation of the major problem of our 
age, namely, the abyss which separates 
our machinery from our institutions. 

The gulf between our material culture 
and our institutional life imposes upon 
mankind the most critical responsibility 
in the whole history of the race. If we 
bridge this gulf, by bringing our social 
thinking and institutions up-to-date, we 
can not evade the speedy realization of a 
material utopia. On the other hand, if 
we fail to do this we are likely to drift 
into economic collapse, world war, bar- 
barism and chaos, including, perhaps, the 
extinction of a large portion of the race 
itself. 

Mankind has never before been faced 
with a direct and immediate choice be- 
tween utopia and catastrophe, but such 
are precisely the alternatives which are 
offered to western civilization to-day. If 
we overhaul our economic system, put our 
unparalleled mechanical equipment at 
the service of mankind and wipe out the 
menace of war, we can, within a decade 
or two, step into a condition which will 
make any of the utopias from Plato to 
Robert Owen seem drab, trivial and un- 
inviting. We could quickly realize Ed- 
ward Bellamy’s dream, as expressed in 
‘*Looking Backward.’’ This assertion 
does not even imply that we must wait 
for future mechanical marvels. The 
essential technology and natural resources 
are already at hand. In the United 
States we could provide a far higher 
standard of living than has ever been 
known, and could make it available to the 
masses with much less than thirty hours 


of work each week. There ce 
plenty, security and an abunda 
leisure, which would enable us 
the vistas of a ‘‘super-pig’”’ cult 
were envisaged by Plato in his ‘‘R 
lic.”’ 

This is one side of the pictur 
do not rise to our opportunities a 
the most of our unprecedented 
cal equipment, then the whole « 
machine is bound to break dov 
a few years. It has already brok 
so badly in several countries as t 
sitate a well-nigh complete ¢ 
civilized traditions and prac 
order to save it from complete 
In the largest country in the wor 
talism, as we know it, has alread 
peared. 

If we continue on the road of 
and of decline—we must face 
pect of collapse through intern 
The best we could then | 
would be insecurity, lower stand 
living, greater unemployment, un: 
want, misery and sheer starvati 
this must be added the ever-i: 
danger of devastating warfare ; 
turn to barbarism, for warfare 
means wholesale destruction of p! 
equipment and civilized amenities 

We have created a 
uniquely prepared to serve us 


nesses, 


machin 


wreck us. The outcome will de 


upon the type of social contro! w! 


impose upon our empire of machines 
To close in the gap between our 


chines and institutions is, therefor 
supreme educational task and resp 
ity of our generation. It is abso 


mandatory, if we hope to preserve 
modicum of real civilization. This s 


gests the question of why we 
taking seriously this outstanding 
lenge of our age. 

In the first place, we are rest! 
because of the sharply contrasting 
tudes which we entertain with res} 


material and mental antiquities. W: 
mand the most up-to-date models of a 
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\hiles. radios, bathtubs, electric light 
fxtures and all other gadgets. The aver- 
man would be inexpressibly embar- 
rassed if he were compelled to drive along 
public thoroughfare in a 1920 motor- 
even though the vehicle were in 
nerfect condition. Yet this same man 
will inevitably cherish many ideas and 
support many institutions older than the 
stagecoach. Many a plutocrat who de- 
ands the very latest super-motorcar, 
reservedly and unthinkingly venerates 

our Constitution, model 1787. Indeed, the 
only place where we of the human race 
esteem antiques more highly than in our 
living-rooms, is under our hats. So long 


as this state of mind exists, there is little 


hope of closing the gap between material 
eulture and human institutions. Indeed, 
we feel that there are plenty of good 
reasons Why we should not do so. Never- 
theless, until we recoil from out-of-date 
institutions and ideas as spontaneously 
as we do from an old-fashioned vehicle or 
gadget, there is little hope of taking even 
the first steps which are required to pre- 
serve and pass on the civilization which 
our forefathers established. 

Another obstacle to bridging the gulf 
between machines and institutions is to 
be found in our attitude toward expert 
guidance. When a man desires to have 
a bathroom faucet repaired, a spark plug 
replaced or a tooth pulled, he deems it 
necessary to have immediate recourse to 
an authentic expert. Yet, in the much 
more difficult problems of social, eco- 
nomic and political life, he will rest com- 
pletely satisfied with the uninformed 
dogmas of the man on the street. He 
demands a brain trust to design his auto- 
mobile, but rejects the suggestion that 
he may need one to plan his society or 
run his government. If he needs an 
operation performed on his body he seeks 
the best available surgeon, but he will- 
ingly permits the body politic to be 
ruthlessly mangled by ignorant and cor- 
rupt political butchers. 

Far from bridging the gulf between 


‘ ] +, ‘ 
materia ‘uiture and social ms 


we are actua widening this mena 


abyss. We offer a t every imagi! 


incentive to improve and extend 
material equipment Scientific p1 
patent royalties, industrial profits, so 
prestige and ot! ent ng rewards 
offered to those persons who 
with more efficient machines and 
convenient gad At the s 
we place almost ever meelvab 
Stacie In the way < those who se 
improve our antiquated inst 
Set-up. 

lhere are no prizes for the social im 
tor On the contrary. his suggest 
not even iven to int ons 
Right in a libera intry like the Un 
States, the best that a social inver 


expect is patronizing ridicule He 


more likely to be derided as a crank 


made a social outeast. ] 


less tolerant than we, the firing squa 


concentration camp is his usual rew 


At the very moment when we need, m 


: 
desperately than ever before, inte 


proposals as to social reconstruction, 


reject them with ferocity and even 1 


} 


Congressional committees to exco! 


their authors 


IT] 

In this task of bridging the gulf 
tween machinery and institutions 
come immediately to the outstanding 
sponsibility of education to society 
our era. The public problems of our 


1H} 


have become so compiex and baffling thi 


only organized intelligence, which shot 


be another name for education, can 


to cope with this problem of modernizing 


our institutions. Good intentions 
charitable impulses are no longer 


quate to guide us amidst the maze 


contemporary society We can hope 


modernize our social ideas and ins 


tions only by an enormous éxtensio1 


improvement of the social studies, as 


central item in our educational offer 


In short, the responsibility of ed 
I \ 


aqaay 








5) 


ws 


tion to society boils down to three major 
phases of educational activity: (1) a 
highly discriminating conservation of the 
social heritage; (2) thoroughgoing and 
fearless social criticism; and (3) reso- 
lute and informed social planning. 

It is as important as ever that educa- 
tion should pay attention to transmitting 
the heritage of the past. Without this 
knowledge, especially the knowledge re- 
quired to operate our present technology 
and social system, man would be far 
more helpless than he would have been in 
primitive society without the support of 
the wisdom of the elders. But there is 
no longer any reason why we should un- 
critically accept the total social heritage. 
Indeed, we can not safely do so. Our 
past tendency to do this has created the 
social crisis of our day. We must view 
the heritage of the past from the vantage 
point of current knowledge. We must 
sift the social heritage through informed 
analytical examination. We must elimi- 
nate from consideration those 
obstructive antiques which are holding 
us back from bridging the gulf between 
technology and institutions. We are, 
to-day, equipped to discriminate between 
those aspects of the social heritage which 
have been tested and found valid through 
social experience, and those which are, 
obviously and flagrantly, the product of 
past ignorance, superstition and dogma. 
Further, we must create a critical atti- 
tude toward the heritage from the past, 
which will free the mind of the educated 
man from both reverent gullibility and 
cynical contempt. 

In sifting the social heritage and in 
the creation of a mental attitude favor- 
able to this process, historical studies can 
make the most direct and potent contri- 
bution. Indeed, this is probably the only 
important practical contribution which 
the study of history can make to educa- 
tion as an instrument of social progress. 
But this potential contribution of history 
is important indeed. We can not take 
even the first step toward bridging the 


serious 
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cultural gulf and preserving civilizat} 
until we are able to assume a critica] a) 
analytical attitude toward 
thinking and institutions. 
service of historical insight to social] bet. 
terment constituted the main contri} 
tion of James Harvey Robinson to | 
historical study and the science of edy. 
cation. It may some day be regarded as 
one of the outstanding contributions 
the twentieth century to 
educational doctrine. Certainly, not! 
is more urgently needed than the capa 

to face the past with discriminating a; 
preciation, free alike from both rever 
and cynical indifference. No other st 
save history, assumes any direct respo. 
bility for bringing about such a result 

This creation of an intelligent attity 
toward the past is indispensable as 
preparation for the second major f{ 
tion of education, viewed as an ins‘ 
ment of social progress, namely, a crit 
appraisal of the existing social or 
We can not even approach the pres 
structure of society with any degree 
objectivity unless we can view its orig 
with tolerant understanding. Likewis 
we can not even be interested in work 
for a better social future until we 
clearly aware of the weaknesses and 
adequacies of the social order in wh 
we live. It is for this reason that so 
criticism constitutes an extremely impor- 
tant item in the responsibility of educa- 
tion to society. 

In the same way that history ean best 
serve us by encouraging a discriminating 
appraisal of the past, so the other socia 
studies must supply us with the means 
of critically assessing the social structures 
of our own time. This task of resoiut: 
social criticism constitutes an important 
phase of the descriptive work of the social 
studies. The first responsibility of th 
latter is to describe, realistically and 
completely, every aspect of the societ) 
in which we move. If this job is well 
done, the critical function of the soci 
studies will emerge naturally and 
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Any competent description of, 


evitably. 
our social, economic and political 


say, 
institutions, will inevitably reveal their 
weaknesses and failures as well as their 
strength and success. Social criticism is, 
obviously, not the sole task or responsi- 
bility of the social studies, but it is cer- 
tainly an indispensable phase of their 


< . 


contribution to the educational process. 
Until we are made completely aware of 
the defects of the existing social order 
we can have neither any incentive to 
work for a better social future nor any 
precise conception of what is actually 
required to bring about a better day. 
The most immediate responsibility of 
education to society, right now, is there- 
fore, the preparation of a blueprint of 
a better social system and a realistic indi- 
eation of how we may bring this into 
existence in a gradual, peaceful and in- 
fashion. This is not merely a 
responsibility of education. 


telligent 
theoretical 
It is a highly immediate and practical 
social necessity. We have already made 
it clear that human society is rapidly 
approaching the parting of the ways 
which lead to utopia or to chaos. The 
guidance of society by realistic education 
appears to many to be the only guarantee 
that we could choose the road to utopia. 
Certainly, it provides the only reasonable 
hope that this choice can be made with- 
out violence and destruction. Education 
has a very definite self-interest in this 
matter, on its own account. Unless we 
avoid economic collapse, social chaos, dic- 
tatorship and war, organized education 
can not be maintained in a state of dig- 
nity, independence and social prestige. 
Education must save democratic civiliza- 
tion if it is to save itself. 

That this responsibility of education 
for reconstructing the social order is a 
very real and immediate one is readily 
apparent the moment we examine current 
world conditions. Many of the most es- 


sential aspects of American civilization, 
such as representative government, de- 
moeracy, 


civil liberties, individualistic 
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capitalism and private business enter- 
prise have already disappeared or been 
thoroughly undermined in about two 
thirds of Europe. 
or threatened, in most of the remainder 
of the Old World and in a considerable 


portion of Latin America. In the United 


They are non-existent 


States, we are paying around $5,000,000 
QOO a year in emergency expenditures 
simply to keep the capitalistic craft 
afloat, without any serious thought of 
weighing anchors and moving to mort 
hospitable ports. . there seems to br 
every prospect tha ve shall have to pa 
more in the futu and get even less 
evident social advantages therefrom As 
was painfully evident in 1937, even a 
slight letting up in salvaging expendi 
tures caused the old boat to list danger 
ously and threaten to sink. In thos 


countries where education failed to as 


sume its social responsibility while there 


was yet time, education has been sub 
ordinated to propaganda and dogma, its 
independence and dignity shorn away 


and its curtailed personnel reduced to 


servility by intimidation 

If American educators evade their re 
sponsibilities in like manner, It Is hardly 
to be expected that they will be preserved 
from a similar fate. There is no reason 
to believe that a totalitarian dictatorship 
provided 
for 
powerful 


can not easily be set up here, 


social conditions become one 
And there are 
elements in American society to-day who 
seem those 


conditions out of which dictatorship and 


ripe 
numerous and 
determined to create social 
totalitarianism naturally and inevitably 
spring. And these elements are the very 
ones who are now most vociferous in de- 
tecting dictatorial symptoms in the New 
Deal. 

It may be well to emphasize the fact 
right here that when I refer to ‘‘a better 
social order for the future’’ I not 
remotely implying that we should imi 
tate Soviet Russia or even create a mod 
erate socialist régime. I have in mind 
only the very minimum reforms which 


am 
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might, possibly, make American democ- 
racy and capitalism workable for at 
least a generation. In order to avoid 
the charge of dealing only in vague gen- 
eralities, I will briefly summarize what 
I conceive to be some of the more essen- 
tial reforms of this character. 

To make democracy workable we will 
have to introduce a number of sweeping 
changes. Some type of weighted or se- 
lective suffrage system will be required, 
wherein the vote of an able and well- 
educated person will count for consider- 
ably more than that of an illiterate 
moron. We must greatly extend the 
civil service system, so as to cover candi- 
dates for every type of office, executive, 
legislative and judicial. No man should 
be allowed even to be a candidate for any 
important office unless he can formally 
qualify for the responsibilities of the 
post in question. Our present archaic 
system of representation by territorial 
districts must be supplanted or supple- 
mented by vocational and proportional 
representation. This would introduce 
realism and democracy into our system of 
representative government. The power 
of the Supreme Court to set aside fed- 
eral legislation must ‘be greatly cur- 
tailed, if not entirely eliminated. <A 
system of responsible cabinet govern- 
ment, roughly similar to that of Great 
Britain, must be introduced. There is 
not the slightest chance that we will be 
able to survive as a democratic nation if 
we attempt any longer to operate a gov- 
ernment based upon the absurd separa- 
tion of our governmental structure into 
three independent and balanced depart- 
ments—a political monstrosity taken 
over by the inexperienced fathers of 
1787 from a misinterpretation of the 
British government by an ill-informed 
French publicist, who wrote a genera- 
tion before the American Revolution. 

To give capitalism the slightest pros- 
pect of survival and efficiency we would 
have to bring about reforms even more 
sweeping and drastic than we have sug- 
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gested with respect to democracy 
system of banking and credit 

to be as thoroughly nationalized as 
monetary system is to-day. H 
companies, ‘‘the machine guns 
corporate racketeers,’’ will n 
speedily legislated out of existe: 
scandalous waste of our natu 
must 
vigorous program of replacem 
rehabilitation adopted. The sal 

of potential production and tec! 
eal efficiency by such policies as ¢ 
jection of new inventions, limitat 
output, monopolistic restrictions 
like, must cease. And the pric 
ture must be overhauled to cont 

the opportunities afforded by t 
purchasing power of our citizens. S 
capitalism will need to be gr 
tended, so as to include the 
Ownership and operation of ra 
electric utilities, coal mines and 
haps, the heavy industries. Legi 
will have to be provided to insur 
higher minimum wages and a mu 
adequate scheme for the spread 
work. We must look forward t 
greater range and 
works, even in normal times, with n 
more elaborate plans drawn up and 
in readiness for those moments o! 
gency created by depressions. ‘| 
tive bargaining must be legalized ii 
as well as in letter. Finally, there 1 
be a marked development of cooper: 
economic enterprise to supplement 
state and private capitalism. 


sources come to an end 


We must have a type of farm legis 


tion which will insure sufficient 
for the farmers without placing a 
mium upon non-production. In 
words, we must insure enough profit 
farm production to provide every 
with a liberal diet—something w 


have ever been able to enjoy, ev 
Coolidge days. Our laudable begin 
in social insurance legislation must 
greatly extended to provide really 
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uate unemployment benefits and to give 
hetter protection to old age. If persons 
ver 40 can not find employment, which 
s now the government must 
ther support them by old age pensions, 
r provide work for them on public- 


' 
the case, 


works’ projects. Twenty-five years is 
rather too long to wait on an 
The government must see to it 


scientific medical 


empty 
stomach. 
that the benefits of 
‘are are made available to every Ameri- 
an. If this ean be done by some form 

private group practice, rather than 
by completely socialized medicine. so 
the better. If not, the 
ment will have to step in 
ip a compulsory system of health insur- 
ance and state medicine. To support 
these indispensable extensions of govern- 


uch gvovern- 


and set 


mental activity, we must provide for a 
realistic scheme of taxation in propor- 
tion to capacity to pay. The human 
budget must take precedence over the 
treasury budget. 

These reforms may stagger many, but 
‘ven they do not give any promise of 
permanently solving the problems of 
We face an unpredictable 
degree of technological unemployment 
and an enormous increase in the effi- 
ciency of farming methods. Dr. O. W. 
Willeox has made it clear that we can 
produce all the food needed for a high 
standard of living with one fifth of the 
personnel now engaged in agriculture, 
cultivating one fifth the land now being 
actively farmed. And even he does not 
reckon with the future production of 
many basic foods by synthetic methods 
in the chemical laboratories, indepen- 
dent of contemporary agricultural enter- 
prises. 

If this brief summary of minimum re- 
forms proves at all terrifying, let those 
who are scared turn to Germany or Rus- 
sia and find out if they prefer conditions 
there to those changes which I have out- 
lined. There is no alternative. If we 
are to follow the ‘‘middle way’’ between 
Fascism and Communism, then we must 


‘apitalism. 


not hesitate to adopt the middle w iV 
We 


viewing 


not get 


can 


it from afar If 


too long, we shall have no opportunity 
even to try any middle way. As Max 
Lerner has warned us, ‘‘it is later thar 
we think.’’ We ean not sav irselves 
from Fascism unless we move res \ 
within less than a decade 


This brings me to what I believe is the 


most important observation I have to 
make, namely, if education is assum 
social leaders] ip 1 must ¢ se to | Sa 

fied with abstractions, however sound 
and benevolent. I have been reading 
over the three volumes just published 
by the Educational Policies Commission 


As a summary of gener 


leave little to be desired As a specific 
guide to what educat must teach wit] 
respect to s lying ir immediate social 
problems they offer us little or nothing 


It avails 


mid DERATP cand ' 
qaant ive Iniess we in 


we must do to secure the abundant life 
We can not fight off the very concrete 
realities of Fascism merely by mouthing 
lyrical generalities about the glories of 


democracy and free business enterprise 


Education must make clear its positior 
with respect to such things as holding 


companies, monopoly, the la 
ment, 


no hesitation 


cooperath and 
in declaring 
disease in the physical world; it must be 
equally willing to condemn political, so 
cial and economic evils. Education must 
not only teach us to think straight but 
also how to act straight 


our social pe rplexit 1es 


IV 


does the 


How well American educa 
tional 
the responsibilities thus imposed upon 
it by The 
studies made are, to 
put it mildly, not reassuring. We may 
first take up the verdict of educational 


experts. 


system of to-day measure up to 


our critical age? recent 


which have been 
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The already famous Regents Inquiry 
into the condition of public education in 
New York State, made it abundantly 
clear that the most expensive public 
school system in our country has failed 
to train our youth for citizenship, com- 
munity life, remunerative occupation or 
competent further study. 

The Carnegie Foundation for the Ad- 
vancement of Teaching executed another 
comprehensive study, this time of educa- 
tion in Pennsylvania. This investiga- 
tion of high school and college educa- 
tion revealed the fact that a quarter or 
more of those attending college in Penn- 
sylvania were incompetent time-servers, 
without the mental ability to qualify 
them as intelligent and worthy college 
students. Believe it or not, a consider- 
able proportion of them seemed to know 
less the longer they remained in college. 
Fifteen per cent. of them made a worse 
showing with respect to information in 
their senior year than in their sopho- 
more year. Indeed, the least competent 
quarter of the college seniors knew less 
than the best third of the high school 
graduates. Interesting light was also 
thrown upon the competence of teachers 
in the state teachers’ colleges. It was 
literally demonstrated that the best one 
fifth of the high-school graduates knew 
more than the poorest one fifth of the 
teachers they would study under in a 
state college. 

We may conclude from these two 
highly competent investigations, which 
ean hardly be accused of any Muscovite 
inspiration, that neither our high schools 
nor our colleges are producing anything 
to be proud of in the way of furnishing 
adequate training for the responsibilities 
of a democratic civilization. 

We have already suggested that the 
functions of realistic education should be 
a highly selective conservation of the 
social heritage, a fair but resolute criti- 
cism of the social order, the formulation 
of a program for the improvement of 
society, and an indication of peaceful 
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and intelligent methods of executing ; 
program. Let us see how well educa: 
is executing these major social res 
bilities of to-day. | 

Viewed in any broad and fundame; 
way, we must honestly admit that ed 
tion blindly conserves the heritage | 
the past, without any important pret 
to critical selection, 
science and technology. 
our basic institutions 
educational system 
as completely and religiously as d 
primitive council of elders and the tr 
medicine men. Any resolute attem 
reject or discard fundamental! items 
our cultural heritage would immed 
place in jeopardy any educational 
tem or any body of educators. | 
the very proposal to do such would 
regarded as rank heresy and a fit sul 
for investigation by the Dies Committ 
Even our most daring educationa 
forms are, essentially, only supert 
suggestions for improving the struct 
and administration of an 
system which is committed primaril 
a reverent transmission of our a! 
heritage. 

There is also amazingly little criticis 
of our social order, though such 
cism is absolutely indispensable 
are to discover those weaknesses w 
threaten the very existence of fre 
orderly society and are to recogniz 
alterations which are essential, if | 
ized decency is to prevail. We live ir 
age which has given unprecedented 
service to the necessity and saving vi! 
tues of social research and organized i: 
vestigation. We contend that ‘‘facts 
will talk,’’ and we propose to let only 
facts talk. Tens of millions of dollar 
have been freely spent, no small part o! 
this squandered, in order to investigat: 
every conceivable type of secondary %- 
cial problem. Yet, instead of actual 
letting the facts talk, our investigators 
have seen to it that disagreeable and 
challenging facts ‘‘shut up and pip 
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Such facts as are played up are 


down.”’ 
all too often the conventional, the self- 
evident and the platitudinous, so that 
much social research has been no more 
than expensive and pompous documenta- 


tion of the obvious. Many of these in- 
vestigations have supported by 
funds derived from sources which would 


been 


not tolerate effective and searching so- 
cial investigation, or the clear formula- 
tion of the momentous conclusions natu- 
rally flowing therefrom. Indeed, most 
of our social research, timid though it 
may have been in drawing deductions, 
has been devoted chiefly to trivialities 
and details, and has rarely made any 
pretense to investigating the adequacy 
and efficiency of our basic institutions 
Edueation has, thus, failed as signally 
in its eritical analysis of our own social 
order as it has in a discriminating ap- 
praisal of the cultural heritage from the 
past. 

The function of social 
been allowed to go by default to govern- 
ment investigators, journalists and free- 
lance economists and publicists. One 
has only to mention such representa- 
tive names as Stuart Chase, Gardiner 
Means, Abraham Epstein, Charles Aus- 
tin Beard, Herbert Agar, Lewis Mum- 
ford, David Cushman Coyle, George 
Seldes, Ernest Sutherland Bates and 
Alfred Bingham to realize the extent to 
which realistic social criticism is carried 
on outside academic circles. Not so long 
ago it was my pleasure and privilege to 
give a series of lectures before graduate 
students of education in one of our fore- 
most schools of education. I was sur- 
prised to find that the students were 
actually thrilled and excited over infor- 
mation that would have been a common- 
place to them in their junior high school 
period, if education were fulfilling its 
function in social criticism. 

When we realistically examine the 
achievements of contemporary education 
in planning for a more equitable and effi- 
cient social order, we find that it has 


criticism has 
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been even more deficient than in s¢ 


ing what we shall accept from the past 


or in criticizing what we have to-day 
When we appraise formal education from 
this point of view, realistic observers 
must admit that it is, quite literally, a 
liability to the human race—a veritabk 
social disaster Far from even indicat 
ing the desirability of a better type ol 


civilization, organized ¢ 


to breed reverence for t present s i 
order. It distinctly and deliberately 
loads the dice in behalf of cultural t: 


tion and social stagnation. It stimu 


a spirit of social int 


erance rathe1 
an attitude of courageous experimenta 
tion. It tends to 


minimum reforms necessary to preserve 


discourage evel tne 


a democratic civilization 
We have 


and technology are widening and deep 


+ 


made it clear that science 


ening the already menacing gulf | 
tween machines and institutions. Yet 
the prevailing attitude of most scientists 
and engineers is one of social 
Our scientists tell us it science may 
create unprecedented material advances 
and social maladjustments, but it can not 
furnish us with 
and authoritative 


meet these pr yblems with expert intelli 


any immediate, direct 


vuidance as to how 


gence. This is the message of the re 
cently elected president of the American 


Advancement of 
the outstanding 
American The scier 

tists are quite willing to assume the re 


for the 


himself one of 


Association 
Science,’ 
social scientists. 
sponsibility for ‘‘advancing science 

but they hang back when it comes to 
= They ignore or 
that, 


social institutions overtake scientific and 


advancing society.’’ 
evade the obvious fact unless our 
technical achievements, all will go down 
together in a common ruin before many 
generations have passed. Certainly, if 
science can not lead the social procession 
nothing can. For those who wish to fo! 
low out this line of thought I would com- 

1W. C. Mitchell, « 
Mind,’’ Science, Jan lary 6, 1939. 


Science and the State of 














258 THE SCIENTIFIC MONTHLY 


mend the stimulating book of Robert S. 
Lynd, entitled ‘‘ Knowledge for What?’’ 
a much needed and resolute arraign- 
ment of the quietism and evasive philos- 
ophy of our intellectual leaders in the 
social studies movement. 

Not only does organized education fail 


to execute its indispensable function of 
social guidance; its leaders even assume 
an attitude of savage hostility and pro- 
fessional intolerance toward the few 
educators who realize their social re- 
sponsibility and make even a faint- 
hearted effort to do their duty. Donald 
Slesinger tells us that not one prominent 
professor who has been dismissed for his 
liberalism and later vindicated by the 
American Association of University Pro- 
fessors has ever again been able to se- 
eure a Satisfactory academic appoint- 
ment. And it has been the professors, 
rather than presidents and deans, who 
have been responsible for this scandalous 
state of affairs. Yet, when we examine 
the content of the teachings of these so- 
ealled subversive educators, we find little 
cause for any alarm—unless it be the 
discovery that they are, all too often, 
merely false alarms. 

Our educational seciologists have 
stolen no thunder from Stalin, or even 
from Norman Thomas. At the best, they 
are only giving us what Lester F. Ward 
said more candidly and far more thor- 
oughly over fifty years ago. Even John 
Dewey, rightly regarded as our most 
stimulating and progressive educational 
theorist, rarely presumed to get explicit 
in the matter of social guidance until he 
left the profession of education for that 
of active political agitation. When 
Dewey entered the political arena he 
gave us something that we can actually 
bite into. But not even one out of 
ten of Dewey’s ardent pedagogical dis- 
ciples has the slightest familiarity with 
Dewey’s doctrines, expressed as a leader 
of the League for Progressive Political 
Action and the People’s Lobby. 

The timidity and irresolution of even 

2 Princeton University Press, 1939. 


our progressive educators can | 
trated by an example well k 
some in this audience. That ex 
journal, The Social Frontier. pres 
very moderate social reform philos 
advocating only the very mi 
changes which might be exp: 
make the present social order 
Yet, a number of our most | 
and most popular educational 
have taken the editors sharply 
for their alleged radicalism. 
turn, some of those associated \ 
Social Frontier recently gave « 
of acute alarm over so indispensa 
so mild an organization as the A: 
Federation of Teachers. 

One of the most notorious exam; 
sham and hypocrisy in the 
against our quasi-liberal educators 
hue and ery against indoctrinat 
turns out that indoctrination is 
more than the teaching of m 
liberal ideas with respect to educ 
and social reform. This charge is 
raised against those educators w) 
eate with a far greater degree o! 
dogmatism the most reactionary s 
and educational conceptions. |! 
trination, as an epithet, turns out 
no more than the pedagogical ad 
of the ‘‘name-calling device,’’ so 
employed in contemporary propag 

Whatever the important and v 
services of liberal teachers to 
aspects of education, it is no exag 
tion to say that there is not one p 
nent educator in a_ responsible 
reputable academic post in the U1 
States to-day, who is devoting hi 
primarily to teaching the essentials 
a better social system or telling us 
to effect the transition from our 
social order to a more desirable 
And if such an edueator should s 
denly arise, he could not hold his | 
tion for six months, if his activities 
teachings were noised about. Our « 
eators, even our most progressive ed 
tors, are primarily interested in sa' 
their jobs, not in saving civiliza' 
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For this I do not blame them especially, 
but they should not ignore the long-time 
eonsideration that, if we have no civiliza- 
tion, we shall have no jobs for anybody, 
least of all for educators. 

Right now, one of the most discussed 
aspects of the social responsibility of 
education is that of preserving democ- 
racy in the face of the challenge of 
totalitarian dictatorships. This subject 
has been discussed with intelligence and 
realism by President Clarence A. Dyk- 
stra, of the University of Wisconsin, in 
his presidential address before the Na- 
tional Municipal League last December. 
It is entitled ‘‘ Democracy at the Cross- 
roads,’’ and is reprinted in part in the 
S January, 1939, issue of the National 
: Municipal Review. President Dykstra 
t suggests that, if we wish to preserve 
democracy in the United States, we must 
take a leaf out of the dictators’ book, 
so far as mass education is concerned. 
To-day, we have the problem not only of 
improving democracy, but even that of 
maintaining what democracy we have at 
4 >’ hand. If we are to succeed in this two- 
fold task, we must muster all the re- 


' sources of mass education and direct 
them to this end. As President Dykstra 
puts it: 

Perhaps one of these days we shall have to 

S decide that even here in the United States all 


of our educational facilities—schools, 
radio and the sereen—will have to be marshalled 
together in an effort to give the American people 
an understanding of the problems facing our 
civilization and our democracy... . 

If we still believe in democracy perhaps the 
world situation warns us that we must develop 
at least for a time a conscious educational pro 
gram which will give democracy a chance for 
survival and for demonstrating that it can meet 
the challenges inherent in modern life. . . . 

It is a common saying that eternal vigilance is 
the price of liberty. If, then, freedom and 
liberty be worth struggling for, let us use our 
far-flung educational and communication devices 
to help us in that struggle. The freedom of 
these agencies themselves may be at stake. 


press, 





As an abstract formulation of the 
_ | @ Situation, one could hardly improve upon 
be President Dykstra’s statement of the 
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must be reformed and made workable if 
preserved. We shall 


merely by parrot Q 


remem De 
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it is actually to be 
get nowhere at all 


the threadbare phrases of traditional 
democratic propaganda If den cracy 1s 
not reconstructed in such a fashion as t 


adapt it to the responsibilities of ou 

age, no amount of fulsome praise or in- 

triguing rhetoric can preserve it. 
President Dykstra is a very liberal and 


t But ] 


to hazard the 


courageous university) 
think I may be permitted 
doubt that he wouk 


science professorship any 


presiden 


| appoint to a social 
man with a 


public reputation for daring to state 
clearly the essentials of a social p1 


which would preserve American democ- 


vram 


racy. If this be true of President Dyks- 
tra, what shall we say of the averagely 
liberal American university executive, 


one of the most famous of whom was over- 


heard avishing hearty 


upon 


recently 
the 
salutary 
Hague of Jersey City? 

There is a still further obstacle in the 


praise 
and 


Frank 


Americanism 


Mayor 


stalwart 


Statecraft ol 


way of using education as an instrument 
for operating and maintaining democ- 
I believe it is not at all unfair to 
observe that even the Carnegie Founda 
tion for the Advancement of Teaching 
would itself be and 
alarmed over the introduction of a cur 
riculum which would make democracy 
operate effectively. As Horace Coon has 
suggested in his important study of foun- 
dations, ‘‘ Money to Burn,’” truly demo 


racy. 


acutely vastly 


education bring 


forth from our foundations the pained 


cratic government and 
ery that we are trying to destroy both 
education and research. 

Indeed, the whole conception of educa 
tion in the role of social leadership con- 
stitutes a definite paradox. Education is 
supported, for the most part, by those 
existing 


How 


who vainly wish to preserve the 
social and economic order intact 


Longmans Green, 1938. 





260 


can we expect those who support educa- 
tion to encourage teachings which will 
undermine and modify the present 
scheme of things? Obviously, only by 
convincing them that essential reforms 
are the most certain way of preserving 
what can be saved from the impending 
wreck of the present social order—that 
reform is the safest way. But even such 
a campaign of persuasion is both danger- 
ous and difficult, a fact amply demon- 
strated by the reception accorded to the 
New Deal by the vested interests. 

Even those educational investigators 
who are realistic enough to point without 
hesitation to the defects of our current 
system of education have little to offer 
us, except suggestions as to the improve- 
ment of school administration and the 
introduction of economies in_ school 
finance. They talk in attractive generali- 
ties about the necessity of realistic train- 
ing for citizenship and better community 
life. But it is rare that they ever become 
explicit as to what this actually involves 
with regard to curriculum content and 
the security of educational tenure. Even 
when entrusted with this task, educators 
are likely to prove something less than 
resolute. I was once a member of the 
committee which prepared the annual 
yearbook for the Department of Superin- 
tendence. It was entitled ‘‘The Improve- 
ment of Education for Demoeracy,’’ and 
was dedicated to the memory of Horace 
Mann. It contained an extremely re- 
strained statement of considerably less 
than the absolute minimum of realistic 
educational reforms necessary to make 
democracy workable. Yet it was de- 
nounced as radical and incendiary by 
leading educators, drawn from some of 
our most advanced schools of education. 

Educators might just as well under- 
stand, once and for all, that we can not 
save democracy through education, unless 
we are willing to teach in our schools the 
materials which are essential to the sal- 
vation of democracy. 
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Vv 
To sum up, we may say that Amer 
educators face two very definite 
realistic alternatives. They can 
themselves to the social responsibi 
education, teach realistically and 
rageously those things which are ess 
to the preservation of democratic . 
zation, and organize themselves with sy 
cient coherence to make sure of 
tenure while thus engaged. They 


not succeed, if they literally shoulder th, 


current social responsibilities of ed 
tion, but at least they can go down fis 
ing, having the satisfaction of know 
that they ‘‘kept the faith and foug 
good fight,’’ and that they did not a 
don their ship while under fire. 

If our educators refuse to take s 


steps while there is yet time, it is almost 
inevitable that some form of regimenta- 
tion, roughly similar to European Fas- 


cism, will settle down upon us. T! 
the condition of American educators \ 
be unhappy indeed. Many will lose t! 
positions, for, under Fascism, educati 
is a much more simple and direct 

than under democracy. 
sive and diversified personnel is requil 


No such exten- 


Those who remain employed will be par- 


rots in the classroom, and professional!) 
cross between ‘‘kicked dogs and scar 
rabbits.’’ And this condition is not 


off. When I was personally very familia: 


a 


with Germany and the Germans a decac 


ago, Adolf Hitler was inconspicuous, ev: 
if compared with the current re] 


of our second-rate champions of Fas- 


cism. 
when compared to the popular vogut 
men like Father Coughlin to-day. 


He was literally an unknow 


What I have written may be offensive 


to many. 


But I venture the guess that 


my remarks may appear more cogent and 


' 


acceptable to such persons, in case the) 


rub elbows with me in a concentratio 


camp ten years hence. 
be a little too late. 


But then it w 
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CULTURE: A SCIENTIST’S IDEAL 


By Dr. RONOLD KING 


ASSISTANT PROFESSOR OF PHYSICS AND COMMUNICATION ENGINEERING, HARVARD UNIVERSITY 


| For centuries men of letters, theo- 
}logians and philosophers have thought 
> and written in terms of those changing 
aspirations of an unfolding civilization 
' that together form the history of the 
} meaning of culture. For culture has had 
as many meanings as there have been 
minds that have speculated in a diversity 
of idealism so broad as to include both 
the erassest worldliness and the finest 
spirituality. Thus, on the one hand, the 
) ideal of culture has been the glorification 
’ of man and the bold expression of all his 
hopes and wants; it has been the gratifi- 
eation of his senses, his quest for pleasure. 
Yet, on the other hand, culture has been 
the inspired exaltation of the supernat- 
ural and the sternest repression of desire ; 
it has stood for the severest asceticism. 
Indeed, culture has ebbed and flowed like 
the ocean. It has whirled in the pleasure- 
bent eddies of hedonism; it has thun- 
dered the relentless dogma of religious 
fanatics; it has rippled gently in fresh 
breezes from Rousseau and Tolstoi; it has 
rested in limpid calm, reflecting Herder’s 
vision of a higher nature and the intel- 
lectual freedom of Kant and of Fichte. 
With the development of general edu- 


our 


© hae 








eation and the growth of scientific knowl- 
edge, the interpretation of culture be- 
came the province of the centers of learn- 
ing. The German universities founded 
upon the principle of academic freedom 
and critical inquiry an ideal of scholar- 
ship which, in stressing creative thought, 
was destined to dazzle the world with its 
contributions to knowledge. In Britain 
grew that great tradition, the ‘‘liberal 
education’’ of Oxford and Cambridge, 
with its emphasis, following Plato, on 
“learning, morals, and manners.’’ But 
the war and its consequences have left 
Europe staggering intellectually as well 





as morally ; and there have arisen philoso- 
phers of despair who speak not merely of 
economic crisis and social upheaval, but, 


of complete cultural 


more significantly 
decay. Thus, while on the European con 
tinent education has become merely a 
stern training in nationalism ; in America 
it might almost be called an ‘‘activities 
racket.’” Thomas Huxley, in defining a 
liberal education, demanded that youth 
be trained so that it could work with ease 
and pleasure. But is not the work often 
forgotten in a philosophy of 
education’’ which strives to make life a 
Walt Disney rhapsody in sugar-coated 
pills? Does not youthful laughter often 
echo with a blustering and ignorant con- 
ceit characteristic of languishing intel- 
lectual integrity? In this same spirit of 
self-deception culture has been defined 
to be ‘‘ what is left after you have forgot- 
ten what you learned.’’ And in the 
measure that dabbling aimlessly in many 


** painless 


fields has become the approved process of 
learning, there is ever less and less to for- 
get, and ever fewer find contentment in 
the mastery of even small things. In 
American colleges the liberal education 
of the English tradition and the scholar- 
ship of the German are often little else 
than travesties. 
neglected, while learning is held synony- 


Manners and morals are 


mous with a graded superficiality that 
substitutes surveys and ready-made ori- 
entation for deeper knowledge. The ideal 
of general culture has, thus, degenerated 
into a peculiarly complacent pride in 
labelled mediocrity. Indeed, it has be- 
come like a_ swollen that 
stretches a nicely browned and sugared 
surface over much hot air and a few ber- 
ries lost in blue juice. Why bother about 
ideals when one can live? Why work 
when one can have fun? Can not the 


pie-crust 
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practical mind be free and happy with- where the crops are just plants s 

out the smugness of book-knowledge, for a single vulgar characterist . sel 
without airs of refinement, without the fulness; where the work is hard a; 


stamp of a liberal education? But even —plowing, harrowing, seeding. But 

the self-styled man of culture, blind to ture did not grow from a double 

a historic tradition of adventurous fragment of a wave-tossed natu 

thought, demands an idle place in the grew first from learning the mea: 

scientific sun. And while despising voca- usefulness, from distinguishing |} 

tions, the mob, the labor problem and all weeds and valuable crops. It dev 

machinery, he seeks consolation in the with intelligent and purposeful to 

words of Powys: prospered with a slowly and paint . 
The cultured mind approaches everything acquired knowledge of how to sel 

through the imagination already charged with from the more vigorous of the 1 

the passionate responses of the great artists; so ful plants. 

that what he sees is a fragment of Nature Floriculture resembles avricultur An 


double-dyed so to speak, a reach a stretch of that it. t ; h 
. . . . . . . t ha : 'S f Ss e t 
time’s whirling tide, that carries upon its chance iat it, too, grows plants in t 


tossed eddies the pattern of something transitory works over them with spade and 


and eternal. But its aim is not usefulness It s vel 
_ os , , through patie intelligent lal 0" 
While admiring the glitter of these gh patient and intellige ° oon 
develop flowers that will bring a sp: - 


mysterious words, those who are accus- 
tomed to view nature more intimately, 
more simply and less colored by wishful 
fancy see no whirling tide. For them the 
ocean of culture has ebbed to leave only 
brown mud-flats full of squirting clams 
and dotted with screeching gulls. White 
sails are furled; the clipper ships lie 


delight to him who approaches 
breathes their fragrance—the d: 
that men call the experience of beaut an 
Perhaps this form of culture will ey p 
the passionate responses of great artists 
but fundamentally it is still agri 

still the same working of the grour 


rotting. Will the tide ever run inagain? % PUrpose, the same deliberate and st % 
In seeking an answer to this question ied attempt to control environment sp 
let us leave aside the passions of the great Understand heredity in order to fir - 
artists. Let us be impassionate and look ‘Satisfaction of greater usefulness, dis - 
at culture not only as a beautiful tradi- cover the joys of new beauty. And as 
tion, but as a hope of to-day for to-mor- success is not the result of indolent dis ae 
row. Perhaps, viewed more personally interest or careless superficiality, but ni 
and more modestly, it need not be anim- consistent learning from experience wer 
possible ideal; perhaps it can be more Self-culture is like agriculture Pi 
than a static state that old-fashioned floriculture in ideal and in method, | pe 
people like to look back upon. True, it it must work another ground with differ se] 
is difficult to forego that flourish of ent tools and for a loftier purpose. | we 
rhetoric, which to so many is the very self-culture the ground is the conscious 
essence of the idea of culture. And it self with its environment of a living b 0 
may seem especially bitter to the artist and of the great physical world in w! pa 
actually to descend to earth to seek a it moves. The crops are ideas charged wi 
tangible meaning for culture in the sim- with intrinsic worth; the work is the 1 i 
ple statement, ‘‘Culture is the working _ telligent use and development of the tools to’ 
of the ground in order to raise crops.’”’ of experience and knowledge ; the met! na 
Thus to define culture in terms of its is that of science. The problem at hand pl 
most primitive origins is suggestive of is to examine the ground, this conscious i 


agriculture, where the ground to be self; to study the tools with which it 1 
worked is the fertile but dusty earth; be worked; to think upon the crops 

















jeas, which may be raised. Is scientific 
elf-culture possible? To what extent 
yn an individual control his environ- 
ment, coordinate his inherited talents 
and qualities to formulate and achieve 
his own ideal of worth? 


THE GrRouND 

Whatever culture has been or may yet 
be, the immediate soil in which it grows 
s human personality. But an introspec- 
tive awareness and a consciously analyti- 
al contemplation of self dawn only 
slowly upon the maturing human being. 
And what is eventually revealed in cog- 
nition is then inevitably and deeply col- 
ored by prejudice and habit. Thus, to 
venture to examine self first brings dis- 
covery and delight, then confused reluc- 
tance and increasing wonder. For across 
the threshold of the primary experience 
of self, of sense-perception, consciousness 
and cognition which unreels like a cinema 
upon happiness and pain, upon content- 
ment and sorrow, is a startling and mys- 
teriously complicated interplay of men- 
tal processes. There is memory which 
reenacts as upon a stage the nerve re- 
sponses of the past. There is thought 
which combines and builds out of mere 
sensations stupendous edifices in abstrac- 
tion. Such are beauty, truth and good- 
ness: all patterns and sequences vaguely 
assembled by nerves stimulated by wave- 
trains originating in the physical world. 
Finally there is will, that seems to com- 
pel action according to an unknown 
scheme in a greater nature and which 
would yet offer conscious choice. 

Surrounding and inseparably a part 
of this psychological world is a body com- 
posed of cells which grow and reproduce, 
which are strangely and powerfully 
linked with a dim past of untold ances- 
tors. They are combined into a coordi- 
nated and integrated organism of com- 
plexly related, self-sustaining parts that 
are sensible to many and varied stimuli. 
These, in turn, lead to reactions in the 
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form of sensation, of motion, of action 


and, after much repetition, of habit. 

This entire biological-psychological 
structure is imbedded in an external en 
vironment of a social and physical world 
Thus there are other human beings 
parents, teachers, friends and foes 
From them are acquired by persistent 
imitation, habits and prejudices and men 
tal pictures in that scheme of custom and 
tradition which is society. There is the 
vast panorama of nature, of animals, 
plants and the inorganic; there is light 
for the eye, heat for the body, sound for 
the ear. And there are composite, man 
made things—toys, machines, instru 
ments for performing a million tasks; 
there are books containing mysterious 
treasures for the imagination. 

It seems obvious that the conscious self, 
including its environment, is not simple 
to fathom or to analyze; yet some under 
standing must precede any attempt to 
eontrol. For control is merely the abil 
ity to predict. To be sure, the study of 
human personality has always been the 
wonder of philosophers and the ob} ct of 
much detailed study by innumerable 
writers, seeking to portray the essential 
characteristics of their fellow men. And 
the literature of many lands is replete 
with character studies often revealing 
extraordinary and uncanny insight into 
human conduct as a problem of the co 
ordination of an inherited nature with 
an uncontrolled and seemingly uncon 
trollable environment. Great as have 
been the contributions to the study of 
human nature of literary, historical and 
sacred writings, the information so pre- 
sented is more interesting than it is ex 
act; it is qualitative and general, rather 
than quantitatively specific. From it 
nothing may be predicted with certainty, 
for it attempts to give only a synthetic 
cross-section of types, not an analytical 
and functional study of individual per- 
sonality as a part of a universe governed 
by natural law. It has been and con- 
tinues to be the particular task of science 
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to pursue such a study. And scientific 
advance has been nothing short of phe- 
nomenal in some fields; in others little 
more than a beginning has been made. 
Thus the physical-chemical sciences have 
probed deep into the properties of inani- 
mate matter with signal success in pre- 
dicting and controlling its behavior. 
The physiological and biological sciences 
have studied the characteristics of life 
processes, of evolution and of inheritance. 
While learning much that is of the most 
fundamental significance, they have as 
yet not penetrated into the mysteries of 
the auto-synthetic and auto-attractive 
properties of the ultimate particles of 
life, the genes. Psychologists, anthro- 
pologists and sociologists have struggled 
manfully with the extremely complex 
psycho-physical make-up or personality 
of individuals and of groups. By many 
approaches they have sought to disclose 
some of the deeper secrets of conscious- 
ness and of mental processes. But their 
task is hardly begun. And each individ- 
ual, interested in a practical scheme of 
living, finds even the most modern 
science able to contribute little more than 
an optimistic attitude instead of essential 
knowledge about mind and body as a 
functioning unit in a personality-mould- 
ing environment. Inevitably he senses 
that mankind is pathetically ignorant, 
and he wonders whether the whole idea 
of scientific self-culture is not premature, 
whether mysticism in one form or an- 
other is not to be preferred. For it is 
still extremely difficult for even a keen 
intellect to view himself as a part of a 
natural order subject to natural law. It 
seems reasonable enough for the physi- 
cist, the chemist, or even the geneticist 
to control certain forces of nature or at 
least predict their behavior from mathe- 
matical formulae. But to picture himself 
as consciously and deliberately planning 
his own road to what is worth while 
startles him, even frightens him into 
believing that there is greater hope and 
comfort in the passive faith of ignorance. 


TooLs 

Each human personality, when ; 
tains the maturity which finds int 
in the problems of self-culture, js 
product of a complicated sequence 
interactions depending upon her 
and environment during those f 
years over which the individual had 
control whatever. What he does 
thinks to-day is thus indeed the . 
of all his yesterdays. But is not 
key to the future? Personality does 
change abruptly ; but must not its dey 
opment be deeply influenced by aly 
seeing each to-day as a yeste1 
to-morrow? Can it not be encouraged 
grow more like wheat in straight furr 
planted to-day, instead of like weeds s 
tered by the winds of habitless cha 
The answer lies with the individual sens 
bility to experience and knowledge 
the tools of self-culture; and wit 
hand that must guide them, with 
gence. 

The basis of experience is percept 
This does not depend only upon im 


ate sensation, but also upon images 
memory and, in particular, upon 

mental activity which discriminates 
recognizes. Thus, although it be 


possible for an individual to pred 
mine his environment in any ger 
sense, he can certainly deliberately set 
out to observe some things with attenti 
to pass others by completely or super 
ficially. He can not always select wl 
he wishes to forget, and then forget 
but he may well choose what he will 
member, and make that the food for his 
thoughts. And thinking, he may reject 
one subject in order to dwell more dee} 
on another. In this way he may exercis 
intelligent selection in the developme 
of intellectual as well as physical hal 
and taste. Experience, in brief, is a t 
which moulds personality. It has its 
special characteristics and, of course, Its 
limitations. Like every other tool it 

be used and misused. It can be handled 
expertly and with grace, or clumsily and 
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without care. Each man must use it, 
whether he will or no. But only a few 
try to learn its secrets in an attempt to 
develop a technique for using it effec- 
tively in the practice of self-culture. 

Knowledge is a special kind of experi- 
ence. It is the history largely of other 
people’s discoveries translated into the 
language of one’s own thoughts. It is a 
master tool with which one may learn to 
use immediate experience to greater ad- 
vantage. With it thoughts may be de- 
veloped and guided; memory may be 
stocked; perception itself may be en- 
larged to include a new freedom acquired 
only through knowledge of natural law 
in the broadest sense. For when there 
is consonance between man’s habits of 
thinking and willing and an observed 
consistency in nature, the experience of 
freedom is boundless. It is the aim of 
science to achieve this freedom by dis- 
covering processes of thought which ex- 
press the consistency or permanence actu- 
ally observed in nature in a general and 
useful form. Hence, if the ideal of self- 
eulture is still the old ‘‘ Know thyself,’’ 
its meaning may be made scientific. For 
to have formulated the laws of nature, 
is to have found the key to harmony in 
life and to the discovery of what is pre- 
eminently worth while. 

Without intelligence experience is 
wasted and there can be no knowledge. 
A man’s intelligence is a part of his in- 
heritance ; it is a link in the evolution of 
the human species. To possess intelli- 
gence is to be capable of learning to guide 
the tools of experience and knowledge in 
the interest of self-culture. Few habitu- 
ally take advantage of this faculty to 
develop technique and to build new habits 
of skill; many let it wither and die. 

To work the ground in self-culture is 
far more difficult than in agriculture, for 
the seeds of worth-while ideas have never 
been discovered. Fortunately, thanks to 
keen observers, a little is known about 
the conditions most favorable to their 
appearance as if from nowhere. And 
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each individual can learn much about his 
own personality by careful observation 
and judicious experiment. The great 
mathematician, Poincaré, has given a 
formula for his own case, and many a 
scientist has learned its value. Poincaré 
discovered that while new and significant 
ideas grew most readily when his mind 
had been deeply saturated with a subject, 
they ripened to maturity more often in 
the clear air of complete distraction 
Thus, to work the ground truly is to study 
deeply, to use experience and knowledge 
with a maximum of skill. And then, 
when all may seem to have been in vain, 
to relax, to forcibly hurl consciousness 
into the refreshing environment of whole- 
some pleasure. Then, if the preparation 
has indeed been adequate, ideas may be- 
gin to appear as if by magic, thoughts 
gather, and the ecstasy of creation and 
discovery will fill the whole being with 
its dazzling light. Presently it will grow 
dim, and the time will have come for 
weeding and systematic cultivation. The 
new thoughts must be examined criti- 
cally ; they must be studied on the basis 
of experience, analyzed in the cold gleam 
of objective knowledge. What is un- 
worthy may then be rejected ; what seems 
truly worth-while must be retained, de- 
veloped, allowed to take root and grow 
into new habits, for that is the ideal of 
self-culture. In the words of Goethe: 
‘Eine schiefe eigene Meinung bringt 
der Erkenntnis naeher als eine ueber- 
nommene richtige.’ 


THe Crops 

In agriculture one seeks useful plants; 
in floriculture those characterized by 
beauty. In self-culture the purpose is 
to develop ideas charged with worth. 
But what is this usefulness? What is 
beauty? More particularly, what consti- 
tutes worth? These are all abstract and 
relative terms signifying certain groups 
of nerve-cell reactions characterized in a 
recognizable and distinctive way by each 
individual sensibility. Thus, there are 
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experiences which produce the sensation 
called beauty ; there are others that lead 
to that called usefulness; and both may 
be included in a single, more general 
group as characterizing two aspects of 
worth, meaning desirability. And what 
will or will not be so grouped depends in 
the last analysis on each personality. In 
general, however, there is wide-spread 
agreement on many experiences leading 
to individual sensations called beauty or 
usefulness. In agriculture, then, worth- 
while means useful; in floriculture it 
means beautiful; in self-culture, on the 
other hand, it seems convenient to dis- 
tinguish four broad and overlapping 
sensation-groups which may be called the 
qualities of worth. They are, first, the 
essential quality of usefuiness; second, 
the esthetic quality of beauty; third, the 
rational quality of truth; fourth, the 
moral quality of goodness. Of these four 
qualities the first two, emphasizing things 
to be done or achieved, are essentially 
artistic in nature. They may be asso- 
ciated, respectively, with the practical 
and the fine arts. The last two qualities, 
on the other hand, concern themselves 
principally with method and with knowl- 
edge. They are thus scientific in nature, 
and are related, respectively, to the nat- 
ural sciences, mathematics and logic in 
the first, and to ethical science in the sec- 
ond. To understand worth, then, as the 
characteristic ideal of self-culture, means 
to have broad experience in these four 
qualities. In themselves they critically 
encompass all human experience and 
knowledge; they suggest many fields as 
yet hardly touched. 

The quality of usefulness is associated 
with practical things. In a restricted 
sense it means the fulfilment of essential 
wants which, in the modern picture, in- 
clude food, clothing, shelter and comfort. 
But in a larger sense much of human 
civilization is an expression of usefulness. 
For its professions, trades and practical 
arts; its instruments of government and 
law, of education, of commerce and of 
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industry are dedicated to the end o! 
vice. It is in this broad and com, 
hensive sense that usefulness is deseri 
as the essential quality of worth. [; 
the foundation of life in a society; 
prerequisite to physical and mental 
ing. But usefulness is not synony: 
with worth; it is but one of its qualit 
And that utilitarianism which y 
make utility the only significant 
acteristic of genuine worth is eithe 
buried in the primitive past of a 
age, or it has descended to the ins 
comfortism of to-day. What is usefu 
man and society must always be 
eminently worth while, for it includes 
that is related to the direct cont 
experience. But a broader vision « 
enlightened self-culture will seek an 
values transcending far that of us 
ness alone in its plan of creative ac! 
ment. 

The esthetic quality is derived 
primitive responses to pleasure. B 
an integrated and highly organized s: 
structure with its problem of | 
relationship, pleasure is a complex 
perience associated not only with d 
sensation, but also with cognitiy 
quences and coordinations. Beaut 
thus, an experience not only of phys 
pleasure, but more especially of emot 
and intellectual enjoyment. Beauty) 
physical things, for example, is chara 
ized by color, shape and proport! 
beauty in literature depends upon st 
diction and motivation ; beauty in scie’ 


involves simplicity of structure, clari' 


and coordinated symmetry; beaut) 


human relationships is associated wit! 


fairness, loyalty, unselfishness and « 
vation. But always beauty is a perso 
discovery, and as such it is essent 


relative. Its definition by an individual 


depends alike upon his refinement in s 


sibility and upon his breadth of expe: 
ence; its perception is intimately relat: 
to his manner of approach, to his attitu 
toward problems of self and socict 
Just as there are modern utilitarians w! 
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dogmatically identify worth with utility, 
so there are the old aristocrats of culture 
that like to associate it exclusively with 
beauty. More significantly, culture from 
their point of view is not a conscious 
striving for a purpose, but rather a fait 
accompli, a static condition of conven- 
tional form in manner and of traditional 
point of view. Even as the utilitarian is 
emotionally in a stone age of food, cloth- 
ing and shelter, so these white-collared 
gentlemen of etiquette are intellectually 
still in the Victorian age of belles-lettres. 
Beauty as a quality of worth must burst 
such corsetted dogmatism if it is to lead 
in a modern quest for self-culture. 

The experience of truth is the climax 
in the exercise of reason. It is a cognitive 
reaction so unique and characterized by 
an intellectual exhilaration so 
takable that there is strong temptation 
on the part of those who know it well to 
elevate it to a favored place among the 
qualities of worth. In meaning, truth is 
not rigid and static, as many would have 
it; it is no unchanging principle of an 
eternal universe. But rather, it is rela- 
tive, like beauty; like usefulness it de- 
pends upon the time in history, upon 
circumstance and especially upon the 
sensibility of the individual who per- 
For truth is continually being 
made and modified by experience. A new 
truth is accepted and an old one is re- 
jected as a mistake if the cognitive proc- 
esses are so better served. To be sure, 
it is at times pleasing and impressive to 
maintain that truth exists continuously 
though unknown, floating vaguely in an 
abstract universe as an absolute and un- 
knowable ideal. But in the language of 
science such evidences of lofty desire 
serve no useful purpose; for each scien- 
tifie observer, truth must be primarily the 
claim of a particular moment and place 
in his cognitive experience. And the 
personality of each individual unmis- 
takably reveals itself in the postulates he 
sets up as true and in the evidence which 
he aecepts as convincing test. The scien- 


unmis- 


ceives it. 





tist attempts to establish the truth of a 
hypothesis by the systematic observation 
of its consequences in a planned and 
controlled The 
thinker, proceeding in a fundamentally 
similar method of 
tion for beliefs and doctrines, often de 


experiment religious 


also seeking verifica 


pends upon experiences so deeply and 
unalterably colored by faith in the very 
postulates he seeks to verify that the test 
loses all meaning. Science, too, has faith 
but it faith in 
faith in a method for defining truth spe 
cifically in terms of directly 
Thus, by 


correspondence between abstract mathe 


is not postulates It is 
observable 
consequences. establishing a 
matical thought and direct experimental 
observation upon periodicity in natural 
phenomena, the mathematical-scientific 
method was developed as a means of de 
fining truth in terms of 
sistency in nature. In this way quali 


a predictable con 
tative understanding was augmented by 
quantitative knowledge; a vague and 
imaginative ideal of truth was elevated 
in science to a well-defined intellectual 
other fields of 
activity the meaning of truth is still often 


experience. In human 
associated with man’s ignorance rather 
than with his knowledge, however limited 
that may be. Such an irrational worship 
of vagueness has nothing in common with 
truth as a fundamental rational quality 
of real worth, as a cognitive experience 
that reveals harmony and order in the 
mind ’s description of nature in the broad 
est and most inclusive sense 

The moral quality of goodness has not 
been illuminated by 
ethical science comparable with the phe 
But, 


as in the case of truth, the meaning of 


a development of 
nomenal advance in natural science 


goodness at any time and place depends 
upon its observed consequences as inter- 
preted and accepted by each individual 
himself. Thus the mystic is inclined to 
seek evidence as to consequences in terms 
of personal intuition which he believes to 
be either directly inspired by the super 
natural or indirectly revealed in sacred 
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writings and customs. The realist, on the 
other hand, establishes more worldly tests 
in the form of rational and practical 
codes of ethics built upon direct observa- 
tion and adjusted more or less success- 
fully to the needs and exigencies of the 
time and place. Finally, many another 
projects human ignorance into infinite 
spaces of thought, calls it God or Virtue, 
and worships it blindly or fearfully as 
the ideal of combined truth and goodness. 
For such a devout the very quest for self- 
culture must be heresy. Thus one is led 
to wonder with Malisoff, ‘‘whether the 
truer prayer occurs before a shrine or 
before a magnificent illumination of 
human intellect.’’ As a quality of the 
ideal of worth, as a characteristic of the 
very purpose of self-culture, goodness 
must belong to the human intellect as the 
guiding inspiration of a yet undeveloped 
ethical science. As a recognized and 
valued experience it must join in syn- 
thesis and harmony the qualities of use- 
fulness, beauty and truth. For what is 
truly worth-while must have a consistent 
meaning in the mind of each worker in 
self-culture. It must encompass his most 
valued experiences in memory, his loftiest 
ideals in imagination ; and both must rise 
from the still small foundation of scien- 
tific knowledge. Worth, so qualified, is 
to characterize the crops of self-culture, 
those ideas grown in the soil of conscious- 
ness by an intelligence guiding the tools 
of experience and knowledge. 


THe IDEAL 

In the furrows of the earth is written a 
meaning of culture that is as lofty in its 
idealism, as naive in its simple faith and 
as uncompromising in its tireless in- 
dustry as science itself. It is a dynamic 
reality, not a static memory. It demands 
creative effort, not merely a languishing 
veneration of a beautiful past. It is mea- 
sured not by the elegance of a man’s 
language or attire, not by what he has 
forgotten or still remembers, not by 





passionate responses inspired by 
artists, but by his own ambition, | 
own attitude toward his to-morrow. 
builds upon intelligence, upon the sk 
and experience of to-day and the wis 
and knowledge of yesterday a pla: 
enthusiastic, vigorous creation. S 
tific self-culture is still a hope rather ¢} 

a completely realized method, but as s 

it is a true guide for him who labors 
facts against prejudices, who walks 1 
estly but courageously and confid 
toward high places. Culture is a quest 
for vision and understanding ; it is ; 
ful living. Culture is the worki: 
the ground in order to raise crops; 


the conditioning of the conscious s: 
understand and to create what is 1 
while. 


Let there be a regeneration of s\ 
ideal of culture, and it will bring w 
learning, morals and manners. [For 
is an ideal of self-respect and of plann 
achievement, that grows not on thos 
broad vistas of sand swept by the ch: 
ing whims of educational fancy, but 
the fertile valleys of individual exp 
ence, in the deep channels of pers 
knowledge. Let those who would be ¢ 
tured seek more than a shell of form; 


them be inspired by the will and the in- 


tellectual freedom that grows from pr 
found understanding and consummat 
skill; let them study the technique 


planned living; let them seek what 


truly worth while in all things as useful- 


ness, as beauty, as truth and as goodness 
Then they may thrill to the wonder « 
ereation and discovery, and so becom 
conscious partners in the unfolding 

civilization. 
with self-culture. 
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Over the mud of inte! 


lectual indolence and spouting super- 
ficiality must rise the relentless tide ot 
Then, over deep blue 


scientifie truth. 


waters the white sails of trained and en- 
thusiastice intellects may strain before an 
ever-fresh wind from the Great Unknown 


All eulture ebbs and flows 
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AMERICA’S CHEMICAL HERITAGE 


By Professor HARRISON HALE 


DEPARTMENT OF CHEMISTRY, UNIVERSITY OF ARKANSAS 


Nor every American chemist, busily 
engaged in his daily tasks, realizes the 
heritage that is rightfully his. From the 
very earliest days of the white man’s life 
in America chemistry has been a factor in 
this country’s growth and development. 
Since the World War its increasing im- 
portance has commanded the attention 
and respect of every American who 
thinks. America’s chemical heritage in- 
cludes this record of past achievement, 
present-day accomplishment and hope for 
the future. To present this satisfactorily 
one must of necessity rival the speed of 
the lamb, which, it was claimed, could 
run sixty miles an hour, since only at this 
rate could the lamb keep up with Mary 
to-day. 

In the opening sentences of his ‘‘ His- 
toire des Doctrines Chimiques,’’ Wurtz 
wrote: ‘‘Chemistry is a French science. 
It was founded by Lavoisier of immortal 
memory and its most lasting contributions 
have been made by his countrymen.’’ 
Naturally such a statement was a basis of 
angry controversy and dispute. This was 
more than half a century ago. Only a 
few years ago Philipp Lenard, Nobel 
Prize winner in physics, published the 
first volume of his ‘‘Deutsche Physik,’’ 
dedicated to the German Minister of the 
Interior. In it the statement that 
“Science is and remains international’’ 
is declared to be false. And Lenard was 
awarded the Franklin Medal in 1932 in 
recognition of a ‘“‘life work devoted to 
fruitful research in physics.’’ 

Johannes Stark, also Nobel Prize win- 
ner in physics, takes the same position 
in an article on ‘‘The Pragmatic and the 
Dogmatie Spirit in Physics’’ published 
in the British journal, Nature, in 1938, 
making an attack upon the Jews. More 
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than 1,200 American scientists registered 
a vigorous objection. Not in any spirit 
similar either to that of the Frenchman 
or of the German is America’s chemical 
heritage presented. 

Rather do we agree with the pos 
tion taken by another German, Nobel 
Prize winner in chemistry, as stated in 
his ‘‘Die Forderung des Tages,’’ pub- 
lished in 1910. Here Wilhelm Ostwald 
declares, ‘‘Of the things that mankind 
possesses in common, nothing is so truly 
universal and international as science.’’ 
In chemistry as in other fields of endea 
vor, we in the United States owe very 
much to the other countries, not only for 
ideas, but for men who have helped in 
the development of these ideas. Surely 
science should transcend nationalism, for 
science is founded upon truth, which 
knows no national boundaries. 

Yet America does have a chemical his- 
tory and heritage well worth knowing. In 
his ‘‘Novum Organum,’’ Francis Bacon 
(1561-1626) said, ‘‘The true and lawful 
goal of the sciences is none other than 
this: That human life be endowed with 
new discoveries and power.’’ When we 
recall that about the time this was writ- 
ten the early permanent settlements in 
America were being made, the statement 
seems prophetic of the developments and 
achievements to be made by chemistry 
in this new land. From Charles A. 
Browne, a foremost authority on Ameri- 
ean chemical history, we learn: ‘‘The 
London Company, the year after they 
founded the Jamestown settlement, sent 
eight Poles and Germans to the new col- 
ony to make pitch, tar, glass, and soap- 
ashes. No sooner had these workmen 
landed than they began operations. From 
this small beginning in 1608 we now date 








270 
the commencement of chemical indus- 
tries in America.’’ These products were 
among the earliest of American exports. 

Expansion of chemical industries was 
even then in evidence, for 150 men were 
sent out in 1620 to set up three iron 
works. Salt works to supply the Atlan- 
tic coast fisheries were established, and 
lead smelting was progressing. But, 
‘*all industrial efforts were paralyzed by 
the Indian War of 1622.”’ 

In April, 1935, in New York City, the 
American Chemical Society held its larg- 
est meeting with a group claimed to be 
the greatest gathering of chemists ever 
assembled, but not necessarily the gather- 
ing of the greatest chemists. The 300th 
anniversary of the work of John Win- 
throp, Jr., in industrial chemistry in 
America was celebrated. Winthrop 
actually had a laboratory and a library 
in the Colony of Massachusetts and 
made chemical tests. He projected the 
manufacture of salt, saltpeter, pine-tar, 
glass, potash, iron, copper, alum, gun- 
powder, medicines—a rather ambitious 
program. He actually produced only 
the first three. Of his library, 270 vol- 
umes have been preserved, some of which 
were exhibited at the New York meeting. 
Some one has said, ‘‘Chemistry is a 
young science but an ancient art.’’ At 
Jamestown there was the art of chem- 
istry, in New England the beginning of 
the scientific side. From these early 
beginnings, sometimes aided by outward 
circumstances and sometimes hindered, 
chemistry in America has steadily grown 
until it occupies a preeminent place and 
gives still greater promise for the future. 
As the Irish say, its advance has been 
steady by jerks. 

Not only is this true of material de- 
velopment, but it is true of the intellect- 
ual and theoretical side, because it is 
obviously necessary that the two must go 
hand in hand. To change the simile, if 
chemistry progresses upon the two legs 
of industry and research, then it is 
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necessary that each of these must 
velop equally unless its progress jis 
be grotesque. The United States, 
approximately 6 per cent. of the wo 
population, has a chemical product 
approaching 60 per cent. of the wo 
total. It is not yet so high and ma 
reach this figure, but it was placed at 4 
per cent. in 1927 by an authoritat 
German source, and there has been mu 


progress since then. 

Modern chemistry is sometimes dat 
from the discovery of oxygen by 
Englishman, Joseph Priestley, in 1774 
Twenty years after this discovery Priesi 
ley came to Pennsylvania. Here 
lived for the last ten years of his 
and there in Northumberland his 
is to-day, a constant reminder of t! 
spiration which he brought. Priestley’s 
discovery would have lost much of its 
significance had it not been interpret 
by Lavoisier and its importance show 
It is most interesting that the founde: 
the du Pont Company learned the 
and the science of powder-making f: 
this distinguished Frenchman. 

In The American Chemist for A) 
1874, Dr. H. C. Bolton, of Columbia | 
lege, called attention to the import 
of 1774 in chemical history, stating t 
“‘the year may well be considered as 
starting point of modern chemistry.” 
Note was made of the discovery of ox 
gen by Priestley, ‘‘the immediate results 
of which were the overthrow of the tir 
honored phlogistic theory and the fow 
dation of chemistry on its present basis. ’’ 
Dr. Bolton suggested a centennial « 
bration on August 1. This suggesti 
was endorsed by the editors, who ask 
interested chemists to ‘‘send their views 
at once so that the project could 
put into practical form in time. |! 
response Miss Rachel L. Bodley, profes- 
sor of chemistry in the Woman’s Med 
eal College of Pennsylvania, suggested 
Northumberland as the most appropriate 
place. A call for a two-day meeting, be 
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cinning on July 31, was issued and 
seventy-seven chemists met. They elected 
one president, Charles F. Chandler, of 
the School of Mines, Columbia Univer- 
sitv. and thirteen vice-presidents. At 
this meeting the organization of a chemi- 
cal society was discussed, but no action 
was taken in deference to plans for 
tablishing a chemical section’’ of the 
American Association for the Advance- 
ment of Science. The idea, however, 
was not dead and the American Chemical 
Society with 133 members came into 
being in New York City in April, 1876. 
What it has become in the past sixty-two 
years is worth our knowing. 

To give the history of this, the largest 
of the chemical societies, in any adequate 
form would take far too much time. 
From the beginning women have been 
admitted upon the same terms as men; 
at no time has there been any distinction 
because of sex or of sectionalism. Its 
first president was from New York and 
its second from Virginia. It is an un- 
usual privilege that is offered to Ameri- 
can chemists to become members of this 
society, which has done so much for 
chemistry. Its publications far surpass 
those of foreign chemical societies in the 
amount produced and in the low cost for 
which they may be obtained. Dr. Har- 
rison E. Howe states that ‘‘to read aloud, 
word for word, at reasonable speed, the 
material which is published annually by 
the American Chemical Society alone, 
exclusive of Chemical Abstracts, would 
require a thousand hours.’’ On the basis 
of the forty-hour week this is practically 
half of the year, and we have made no 
mention of other chemical publications, 
both American and foreign. 

To meet this situation there is the 
publication of the society, Chemical Ab- 
stracts. In it there is not only a con- 
venient record in duly classified form of 
all chemical work published in approxi- 
mately 3,000 journals from all over the 
world, but there is evidence of thought, 


* es- 


, 


care and devotion on the part of its edi 
tor and fellow workers that make it a 
constant inspiration. I doubt if any liv 
ing man is giving to chemistry more 
efficient and important service than Evan 
J. Crane. Chemical Abstracts is now in 
its thirty-fourth year, and when the cur 
rent volume is compared in size with 
that of 1906, one wonders what will be 
the result in 1966 or 76, the centennial 
year of the society. The stream of publi 
cations is becoming so mighty that it 
threatens to engulf us. We are reminded 
that Egypt came to its decline when its 
libraries were filled. But we know also 
that Egypt had no system of organiza 
tion for the use of this knowledge such 
as that which Chemical Abstracts fur 
nishes. The curve in Fig. 1 shows the 
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number of articles abstracted each year, 
omitting patents. For compactness with 
exactness and completeness there is much 
to be said for the place of the biblio-film 
in the future. 

Most interesting in connection wit] 
the American Chemical Society have been 
the men who have served as president 
Studying this noteworthy group has been 
an inspiration. Almost without excep 
tion they possess a wonderful capacity 
for work, and this work lies in widely 
different fields—from that of practical 
usefulness to abstruse theory, from the 
invention of the ink used to print green 
back currency and of the flush water- 
closet (left unpatented that its general 








use might bring an improvement in 
sanitary conditions) to outstanding stud- 
les on atomic weights, on the structure 
of the atom and of the most complex 
compounds. 

It has been a prolific group chemically, 
the published papers being estimated at 
five thousand, and the books, usually on 
chemistry but some on a wide variety of 
subjects, at several hundred. These 
presidents include the ‘‘chemist of the 
Southern Confederacy’’ as well as an as- 
sistant surgeon in the Union Army and 
another Union soldier who was wounded. 
Nearly a dozen were actively engaged in 
the World War. In Table 1 are shown 
their place of birth, residence while presi- 
dent and occupation. 


TABLE 1 


PRESIDENTS, AMERICAN CHEMICAL SOCIETY, 
1876—1941 


Place of Birth 


Great Britain ...ccccccccccccsesceccses 3 
GOFMARY ccccccccccccvccsccscccvecces 2 
Belgium, Canada, Russia—each ........ 1 
DEGGRRORMOOEES cc ccc ccccccccccoecccess 11 
DEE ME wesdbccccoescesececeoeseoses 9 
PURDUE, coccccescesceecceeesenece 4 
New Jersey, Ohio—each ........2ee055. 3 
Connecticut, Kansas, Maryland—each... 2 


Georgia, Hawaii, Illinois, Iowa, Indiana, 
Rhode Island, South Carolina, Tennes- 


see, Virginia—each ........éeeeese8% 1 
TEE: eWeocdecoseéoseenecoeseoes 53 
Residence 
De DE +6 neceedeeeeseaes ebeanccnesce 10 
Massachusetts, Pennsylvania—each .... 8 
PPT PTT TT Ter TTT Te 7 
District of ColumBle ..cccccccccccccces 4 
Ct csnen ce ehe heen seneedseardeoecees 3 
Michigan, North Carolina—each ....... 2 
California, Connecticut, Delaware, Iowa, 
Kentucky, Maryland, Minnesota, New 
Jersey, Virginia—each ........e+e+e+:. 1 
UGE Sees edb suonss0sccasescwees 53 
Occupation 
TR: dcncnensueséo0enetseneenneee 38 
Commercial laboratory ............++. 4 
i CE oxcccesesecetooecne 4 
Manufacturing chemist ...........+.++-:; 4 
SCR GENS Gccrccovesessevoee 3 
ED SS bRScerdcewasecnseesiecces 53 


Not only does America have the larg- 
est chemical society, but apparently it 
had the first—The Chemical Society of 
Philadelphia—founded by James Wood- 
house in 1792. James Kendall claims 
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there was a chemical society in Scotland 
a few years older, but this seems to have 
been chiefly a student group at the Up 
versity of Edinburgh. This America 
society was active for seventeen 
having a decided influence upon 
chemical thought of its day and lea) 
some interesting papers. In an address 
delivered before this society on Apri! 1] 
1798, Thomas P. Smith makes sueves 
tions which are as vital and timel: 
day as they were more than a cent 
ago. He says: ‘‘The only true bases 
upon which the independence of 
country can rest are agriculture 
manufactures. To the promotion 
these nothing tends in a higher deg 
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than chemistry. . . . It is to a genera 
diffusion of a knowledge of this science 
next to the virtue of our countryme! 
that we are to look for the firm establish- 
ment of our independence.’’ 

The growth in membership of th 
American Chemical Society is seen 
the curve in Fig. 2. The effects of t 
World War and of depressions are e 
dent. It is noteworthy that for years 
the society was not much more than 
local New York organization, all the 
meetings being held in New York City 
The membership in 1889 was 204, com- 
pared with 230 at the end of the first 
year. General Meetings, not necessari]) 
in New York, were arranged, the first 
being held in Newport, R. L., and the 
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second in Philadelphia, both in 1890. 
The first local section, that of Rhode 
Island, was authorized in 1891. During 
the third general meeting in Washington 
in August, 1891, a conference of dele- 
gates from chemical societies from vari- 
ous sections was held, satisfactory plans 
were adopted and the growth of the 
society began again. The incorporation 
effected in January, 1938, with a national 
charter approved by act of Congress, 
August 25, 1937, symbolizes the nation- 
wide influence of our society. 

In a paper entitled ‘‘Chemical Socie- 
ties in the XIX Century,’’ presented at 
the twenty-fifth anniversary of the soci- 
ety in New York in April, 1901, Henry 
Carrington Bolton lists 66 such societies 
and gives their total membership by 
eduntries. The total of the seven in the 
United States ranks fifth, being less than 
that of Great Britain, Germany, France 
or Austria. The American Chemical 
Society in 1900 had twelve sections, only 
one being in the South and one west of 
the Mississippi River. Its membership 
is given as 1,679. 

TABLE 2 


CHEMICAL SOCIETIES OF THE WoRLD (AFTER H. C. 
BoLtTON—1900) 


Societies Members 





750 
431 
77 
IT72 

2.575 

1,012 

Others—7— : 1,973 
Totals 27,790 
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So many phases of our chemical heri- 
tage now in evidence might be men- 
tioned that there must of necessity be a 
selection. Reference will be made only 
to the development of men and women in 
chemistry and to the productive chemi- 
cal capacity of our nation. 

The contact of one personality with 
another has always interested me. This 
interest was deepened by my good for- 
tune in being a student at the University 


of Pennsylvania, under Dr. Edgar F 
Smith, who in his turn had been greatly 
inspired as a young man while working 
under the direction of the elderly Wohler 
If properly 
catalyzed by student questions, Dr. Smith 
would talk most entertainingly by the 
hour of his experiences with Wohler and 
I think it quite possible we learned more 
in that way than we might have learned 
by the regular lesson Wohler 
student of the great Berzelius in Sweden, 
who frankly acknowledged that he was 
the last man who would ever know all of 
chemistry ! 
word in chemical matters was accepted 
practically without question. I 
tell my students, then, of their illustrious 
chemical ancestry in Grandfather Smith, 
Great-grandfather Wohler Great- 
great-grandfather Berzelius. 

The influence of this German and of 


at Gottingen in Germany 


was a 


For many years Berzelius’s 


] 
like to 


and 


this Swede and of other European teach- 
ers has been transmitted by their stu- 
dents and has become as real a part of 
our American chemical heritage as the 
Swedish heritage celebrated in Wilming- 
ton in 1938. Dr. Smith enjoyed argu- 
ing that Wohler had had the greatest 
influence upon chemistry of any man 
in America, furnishing as one basis of 
proof that Wohler had trained many 
who later became presidents of the Amer- 
ican Chemical Society. No doubt a stu- 
dent of Bunsen or of others could furnish 
contrary arguments equally convincing 
to him. Certain it is that America owes 
very much to Europe and most of all to 
Germany for the early days of its chemi- 
eal heritage. A chemist can notice on 
his society pin or button the potash bulb 
of Liebig, or observe the shape of your 
Alpha Chi Sigma badge, your Phi 
Lambda Upsilon key or the insignia of 
the Chemical Warfare Service, the hexa- 
gon of Kekulé. Both Liebig and Kekulé 
were born in Germany early in the nine- 
teenth century and lived and worked 
there. In using the words ‘‘our society”’ 
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I have been reminded of how chemists of 
the generations before us often spoke of 
‘four science.’’ 

It is worthy of note, however, that in 
accordance with American tradition we 
have not simply borrowed blindly from 
Germany, but that we have developed on 
this soil along every line the ideas germi- 
nated there, often enriching and extend- 
ing them. The chairman of the Inter- 
national Committee of Atomic Weights 
for many years was Professor Theodore 
William Richards of Harvard, first Amer- 
ican winner of the Nobel Prize in chem- 
istry. To-day one of his pupils at 
Harvard has succeeded him as chairman, 
and the German representative on this 
committee is also a former student of 
Richards. German chemists are right- 
fully entitled to much credit for the de- 
velopment of the coal-tar industry and 
the production from it of dyes, medicines, 
perfumes, explosives and flavoring mate- 
rials. During and since the World War 
American chemists have been making a 
similar achievement with the typically 
American products, petroleum and cotton, 
and in many other fields. 

Recently I visited the du Pont alcohol 
plant in Deepwater under the guidance 
of an old friend, an alumnus of the Uni- 
versity of Arkansas. Not only was I im- 
pressed with the appearance and effi- 
ciency of this plant, but in looking from 
the windows of the fermentation build- 
ing I could see where ethyl fluid was 
made and was shown the location for the 
work done on many chemical compounds 
that later led to industrial triumphs. 
And I felt that here surely is a place 
typical of the spirit of American chem- 
istry. 

In Tulsa at the meeting of the Ameri- 
ean Chemical Society in April, 1926, 
preparatory to its semi-centennial cele- 
bration that fall, a dozen outstanding 
world chemists were elected to honorary 
membership. Apparently no great dif- 
ficulty was experienced in selecting the 
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three Americans upon whom this 
was bestowed. Richards of Har 
Remsen of Hopkins and Smith of P 
sylvania were so clearly preeminer 
the choice was relatively eas) N 
only fourteen years later, it would ; 
ally be impossible to select with eas 
three outstanding chemists of A 
The three men 1926 
within a few years to their rew 
there have been none 
have reached a position similar 
held by them. Great as these men y 
and as much as I admire them, | 


chosen in 


since tl 
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large measure to their influence and t 
of their contemporaries, America has ¢ 
veloped so many men of ability 
power that the entire chemical level 
been raised and hence no 
likely to attain such marked preemine! 
In the winning of Nobel Prizes in s 
ence during the39 years since the awa! 


one 1S 


began, the success of Germany has | 
noteworthy, as seen in this tabl 
this graph. (Fig. 3). 

Of the thirty-four prizes in chemistr 
only three have come to the Ur 
States, the winners being Richards 
Langmuir and Urey. England 
France have received more and Germa! : 
many more. (See Table 3.) Howeve' 
two of the three have been re 
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the last eight vears and the future 


ds much of promise It seems to me 


the younger chemists now coming 
aturity are not only maintaining, 

t are actually advancing the standards 
by former American chemists. My 
xperience in securing additional mem 
bers of my department and as a member 


three vears ot the committee of the 





ety responsible for the A. C Lang 
and the James Kendall awards is 

basis of this statement 
The increase in the number of stu 
ts in chemistry and in the labora 
es for their training indicates no 
rtage of applicants for chemical 
Quantity will not be lacking, but 
lality 1s more significant Some ten 
ears ago 77 out of 78 chemieal manu- 
turers who replied to a questionnaire 
said that better chemists rather than 
more chemists were needed This is at 


ol 





ce a challenge both to students and to 





teachers It is just as much the duty of 
any good department of chemistry to 
seep out the unfit as it is to train the 
apable. To know just what to teach is 


men hers ora 


ganization and of 5,000 


difficult. Recently my colleagues have student 


been asking for more time for organic Fieu 


ures @1\ 


hemistry and for physical chemistry, White before 
and they need it. But the capacity of 


+} 


eal Engineering 
e average student has not greatly in show that the 


* TI 
creased, and there can be no additions — in 


engineering 

a four-year curriculum, only substitu increased about t 
s—and what can be omitted? What 1935 The 1 
st be left for graduate study 


Co- in chemical eng 
operation and understanding between during this same 
lustrialists and teachers in the train times The pet 


of chemists are necessary. Here working toward 
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engineers is far higher than 

that in any other engineering group 
So much for men and women in chem 
istrv in America; just a word of the 
material side In his book on ‘*Men, 
Money and Molecules,’’ Williams Haynes 
states that, ‘‘In the United States we 
make more chemicals—measured either 
in tons or in dollars than are produced 
in Germany, Eneland. France. Italy, 

Japan and Russia, all added together 
It is not surprising then to have him re 


mark that, ‘‘If the coming era is to be a 


chemical age in industry, there is every 


reason for America to be optimistic 

We recognize that this is due in part to 
our natural resources, but it is the re- 
sult also of an energetic use of these re- 
sources. If our position is to be main- 
tained, research on an increasing seale 
must be continued. This area has set a 
splendid example in such work. We are 
hopeful of results of valne from the new 


vovernment laboratories for research on 


the use of agricultural p 
results will come if the 
even approaches that done 
of Standards and certa 
and federal laboratories 
Herbert Hoover has sa 
person can evaitlate the 
the science of chen Sstry 
ment of civilization 
vanee in standards of 
margins of comfort, the 
physical exertion required 
things, the relief of sufferi 
sion of health and life, har 
the most vital contributi 
plied science of chemistr\ 
Each American chemist 
to pride and satisfaction 


ae 


look forward eagerly to the 


to the difficult task of con 


7 
| 


to the nation and to the worl 


that in American chemistr 


been, is and is to be, there 


challenge, of inspiration a 


GEOMETRY: THE KEY OF THE SCIENCES 


(;EFOMETRY, o which I have devoted my ite, 
is honored with the title of the Kev of the Sei 
ences, 

The key! It is of wonderful construction, 
with its infinity of combination and its unlimited 
capacity to fit every lock, however varied in form 
and size, 

Begin with the heavens themselves; see how 
precisely the motions of the firmament have en 
dured through the friction of the ages; observe 
the exactness of the revolutions of the st irs: if 
these mighty orbs can not resist the law, what 
ean the atom do? Let. then. the resources of art 
be exhausted in this scrutiny Let neither time 
nor labor nor money bs spared. \ slight defect 
of motion is just detected; it is slight, very 
slight, but it is unquestionable. We dare not 
hide it out of sight. Science must admit this 
triumph of art and be true even if the stars are 
false. The names of fixed star and pole-star 
must not be suffered to impose upon the trust 
ing world, and guide it in a delusive chase after 
an aqnis fat s Geometry! to the rescue! 
Geometry is at her post, faithful among the 
faithless. The pen is at work, the midnight oil 
consumed, the magic circles drawn by the wise 
men of the East, and the wizard logarithm sum 
moned from the North. The tables are turned. 


The defect of motion is transformed into the dis 


covery of a new law It 


the atmosphere to bend 
as it shoots down. iden 
Arcturus and the sweet 
des ; it becomes the proo 
of the unseen planet, 
and hence a new proof 
measure. Honor to I 

and to Leverrier! 
Question them as 
evidence and do 
testimony. They 

central sun, and that we 
cession of the stars: the 
among the others, towards 
Hercules, so that, whil 
approach the strong mat 
that we are moving at 
tance from star to star 
ical day’s journey; and 
story which is written 
globe and prove that 
have been measured 
measure.—Professo 

vard University, the 
matician of his day, 

as preside nt of the 1 me 
Advancement of Si 


Ohio, in July, 1s 


ri 





BOOKS ON SCIENCE FOR LAYMEN 


THE INTELLIGENCE OF 
CRIMINALS 


thor of this volume 
His psvel OLoY 
risoners, represel 
s to three peha rst 
s during the period 1920-1927 
ata for ie three are separate 
o that the penitentiary and re 
v types of prisoners are not co 
In ordel that data comparable 
Army draft studies might be se 
the same general procedures and 
es were emploved as were used i 


army testing RECENT BOOKS ON BIRDS 


Water B 
\ P 


ong the chapters we fi 
tles, which serve to 
» of the work: Intelligence 
to Nativity and Race, Type of Crim: 
Recidivism; Intelligence in Relation 
Age, Height and Weight; Intelligence pia 


Relation to Socio-Economic Character Manuals 


s; Type of Crime in Relation to Na most 


tv and Race, Intelligence and Reeidi present one 
sportsman 
verv brief summary, it may be said Water birds 
Tulchin finds no startling discrep prey, leavin 
between the test score classification birds 
he inmates and that of the Army draft 
roup; in other words, there seem to be 
‘lose association between crime and 
ntelligence.’” There is found, how 
ver, a relationship between the rating 
d the general tvpe ol offense ‘* For 
early all nativity and race groups, the 
vhest median Alpha scores are made 
the men committed for fraud, and the 
west scores by men committed for sex 
mes.”” Tulchin points out the need of 
sidering the nativity and race distri 
tions of institutions in making com 
irisons: considerable variations of rat 
g are found in relation to these factors 
The volume represents one of the many 
uable contributions to the literature 
Intelligence and ( 
x1) 166 pp 
Chieago 





field studies of about thirty-five common 
species of birds, to each of which is de 

While the bulk of 
is not such as to constitute 


the Tact 


voted a small chapter 
the material 
additions to existing knowledge, 
that the notes and photographs (many of 


are all original 


which are excellent 

makes the book worth reading It is 
written in an interesting, easy style, 
which should make it a good book for 


beginners and people to whom the study 
of birds in the field is a mild and pleasant 
avocation 

The last of the 


deals with a single 


books herein reviewed 
‘*The Auto 
hook ol 


39 illustrations) of 


species 


biography of an Egret’™ is a 


superb photographs 
one of our most attractive and beautiful 
The fact that the author did a 


good deal to save this species from local 


birds 


extermination at a time when it was 
seriously depleted by the plume hunters 
for the millinery trade explains a rather 
too obvious sentimentality in parts of the 
The the 


as though an were telling 


book is written in first 


text 

person egret 
the story, a type of writing that may have 
but the re 


viewer inclined to be unsympathetic and 


its advocates, which leaves 


hypercritical. There is much valuable 


material in the book, if one knows how 
to extract it from the narrative in which 
it lies imbedded 


HERBERT FRIEDMANN 


LET US REASON TOGETHER 

Ir John Dewey ever wrote anything 
that was not worthy of careful reading 
by thinking persons, it has escaped my at 
tention. This latest book of his not only 
exhibits his penetrating insight and pre 
cision of statement, but it is almost tragi 
cally timely. It discusses the question of 
individual freedom at a time when it has 


Edward A. MeIlhenney. 58 pp. $2.00. 1939 
Hastings House. 

1 Freedom and Culture. By John Dewey. 

176 pp. $2.00. 1939. G. P. Putnam’s Sons 
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rron a 


disappeared 


world and is giving rise to hvst: 
remainder 

Dewey opens with a discuss 
Problem of 


quires concerning the reasons 


Freedom’’ in wl 
had for desiring individual lib 


love of liberty ever anything 
a desire To he liberated rrom s« 


And 


does the desire tor 


restriction ? when it is 
iberty die 
something else feels intolerable 
is no simple, categorical answet 
questions, and Dewe\ does not 
As he shows, human motives 
mously involved, and many of th: 
mistakes of mankind have bee) 
over-simplification of things that 


His third 


on ‘*The American Background ”’ 


damentally complex 


especially illuminating to Ameri 

ers because it raises questions co) 

the origin and the meaning of th 
the Declarat 
Independence and the Constitution 
United States 
luminating because the intelligent 


sentiments found in 
This discussion W 


ican reader will have a backer 
historical information and attitudes 
will make its statements easil\ 
But 


knowledge ot 


hensible. few will have the 


history, psycholo 
philosophy necessary to grasp rea 
full content of his pages on “Tota 
Economics and Democracy’’ and 
mocracy and Human Nature.’’ This 

is not a good reason for not readu 


the 


be grateful 


eontral 


that so 


book with care Or 
reader should 
knowledge and wisdom are avail: 
such a small compass 

In the final chapter on ‘* Dem: 
and America’’ Dewey does not make 
or point to any eas' 


‘We hav 
right to appeal to time to justify 


eagle scream 


certain road to Utopia 


placency about the ultimate result 
have every right to point to the long 











































course of 


ratic and anti-democrati 


the 


history and to recentness ol 


racy in order to enforce the in 

sitv of the task confronting us 
\ ive every right to appeal to the long 
slow process of time to protect oul 
the that 
taking a short-span temporal view 
We 
st know that the dependence of ends 
that 


result that is 


s from pessimism comes 


under one condition 


ventS 


means is such the onlv ulti 


result is the attained 
iv. tomorrow, the next day 
r day, in the succession of vears and 
veenerations. Only thus can we be 


we face our problems 1) deta one 


me as they arise, with all the resources 


vided by collective intelligence operat 


¢ In cooperative action At the end 
s at the beginning the democrati 
ethod is as fundamentally simple and 


s immensely, difficult as 1S t} e enervetic 


flagging, unceasing creation of an eve 
resent new road upon wl ie] We call WALK 
ether 9 


F. R. Mouton 


BIOLOGY MADE SIMPLE: 
TOO SIMPLE 


THe human body eon 


structed 


Is wondrousl\ 


and its multitude of intricate 


d nicely balanced activities are fase 
subjects to all The averave 


iting 
‘man on the street’’ is woefully ignorant 
is, how he is 


As a result, 


his own person what he 


ade and how he ‘‘ works.’’ 


ore ot LIS abuse our machines than tse 


them O 


To deseribe and cdlisecuss the siv 
ficance of human biology in such man 
er that the fundamentals are clarified to 


s a splendid 


e uneducated lav reader 
pdjective This little book, sponsored by 
e American Association for Adult Edu 
but 


cloes 


tion, ambitiously 


+ 


attempts, 
succeed, to explain the evolution of 
Picture of Health By James Clarke Illus 


I?) opp. £0 60 19040 Maen 1) 








BOOKS ON SCLENCE 





FOR 





aDSO iTé HLIN-SNT 


DOOK mie! 


rood 


a story hook 


on of the per 


send each other 
That is what 
priate Tor adult 


mentary 
‘all he done 
talk to 


baby 


hungry for fa 


iti ©) is] na | 
1a \ require an 
want to look 
bitterly resent 
rT ¢ ation 
evel iCK 
Slmpiincat S 
CUrlOSITV OT The 


likewise fail, for 
that he 


Similarly, the 


} } 
airead 


mental to elar 


Slmultaneous \ 


tional 


and mislead TI 


mended except 
( hildren, ana 


better biolowy te 


LAY MEN 


~ 
ee | 
~ ) S 
y+) 
x} Ss 8 S 
} 
‘ 
I x 
} . ‘ 
S 
~ 
SS ses ~ 
~ \s 
| nile 
' 7 ; 
es ~ 
he 
iv “ 
| } (‘om 
t SS | ! ~ 
} 
I s Da 
y | ’ S 
; ‘ 
| S ~ 
' ' ’ 
Muel 
‘ 
nN 
yi 
K L 
AD! ~ ' 
‘ ‘ 
i 1 sf 
1 pe stin 
} ' ‘ 
) iS S 
| i 
) xT 
; 
rs) S 
e ISS 
; 
s : 
7 } ’ 
s iT10nsS a 
; 
\ttemp } 
d } 
! ! } ~ ~ 
rie mere _; 
sp K nm re t 
re ral © 
’ The? The? 
S ~ rT 


THE SCIENTIFIC MONTHLY 


=~? 


a 


COLLEGE HALL OF THE UNIVERSITY OF PENNSYLVANIA 








THE PROGRESS OF SCIENCE 


THE BICENTENNIAL CELEBRATION OF THE UNIVERSITY OF 


PENNSYLVANIA 
\ BICENTENNIAL Conference will be minera metabolis 1) ( 
by the University of Pennsylvania, Elvehjet of the | rsit \\ 
0 ng September 16 and ending consin, outstandi ( { 
September 20, as part of the program — tinua broader f of the { 
3 irking the observance of the two hun B complex: and Dr. Cyv1 N. H. Lo 
edth anniversary of the universitv’s of Yale Universit - : ™ 































n. The program will consist of lec n endocrine vlan est 
es and papers by a group of about Dr. Lawrence J. Hi erso f Ty 
d two hundred distinguished European’ vard Universit ted for his st 
7 American scholars and leaders in on the phvsico-che relationships 
4 various fields of science and thought the blood. w a , ne of th 
[he offerings will represent the broad cipal addresses Hi 
terests and significant contributions to self with the socia S we as the 
earning. In the field of the humanities eal aspects of mm; ‘ the 
the symposia are planned to bring out topic, *‘The Stud) \ ’ Dr. W 
the continuity of culture. In other fields liam Mansfield Clai f the .J sH 
they will trace the trends of modern kins Universit 
thought and the advances of science principal speakers this se 
rhe symposia and meetings constituting Dr. Evarts A. Graham. professo 
the program of the Bicentennial Confer very at Washington ersit 
ence are divided into six general fields speak on **Two Cent sofsS 
the medical sciences, the natural sci The medical svmposia 
ences, the social sciences, the humanities. wide variety) if snuhiects hesiles ft S 
the fine arts and religion alreadv mentioned he de ses 
The fullest section of the program sions on the fema sex hor eS 
with fifty-eight papers, is that on the — eases per ar to « ( rus seas 
medical sciences A heavy advance problems of high bloo PSSTITeS 
registration reflects wide-spread interest leads on the search { thy . 
in sulfanilamide and its derivatives, one cancer. and the 
of the most effective medicines diseov eases to human we 
‘red during this century. Dr. Eli K The round table on the hist 
Marshall, Jr., of the Johns Hopkins Uni ence. rangine from ‘*The Mes 
versity, and Dr. John S. Lockwood, of Backeround for tl I} ! urs ‘ 
the University of Pennsylvania, will re ence’’ to ‘*The Rise of Modern S 
ew the efficacy of these drugs and the Medicine.’’ is 
mechanism of their action. The search jn the field of the natural sciences 
for germ-killing chemicals, involving the js the second lareest of ft] R 
study of bacterial enzymes will be de divisions of the 
scribed by Dr. René Jules Dubos, of the a few of the outstan mes 


wckefeller Institute for Medieal Re progral there are Dr. Otto E 
search Neugebauer, forme! Or ta 
The symposium on nutrition will be of Brown Universit 
: lressed by Dr. Elmer V. MeCollum, leading authorities o the hist 


the Johns Hopkins University, co mathematics and astronomy; Dr. H 
scoverer of vitamin A and a leading’ E. Sivgerist. director of the Inst 
estigator also in vitamin D and_ the Historv of Me ne of the J 
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THE UNIVERSITY MUSEUM 

Hopkins University; and Dr. George tion has been made for the ps 
Sarton, editor of Jsis and Osiris, and symposium which deals with the 
lecturer on the history of science at Har- bution of this study to edueat 
vard University. Dr. Sarton will act as business. 
chairman of the round table. The meeting on nuclear phys 

Secretary Henry A. Wallace, of the addressed by the Nobel Prize 
United States Department of Agricul Dr. Enrico Fermi, formerly 
ture and the Democratic nominee for and now of Columbia Universit 


vice president, has recently accepted an 
Invitation to address the symposium on 
the 


conservation of renewable natural 


resources, a matter of increasingly seri 
ous concern. Another participant will 
be Dr. Paul Bigelow Sears, of Oberlin 


the Ameri 
can climate and weather of several thou 


College Determination of 


sand years ago by means of well-pre- 
served ‘‘fossil’’ grain pollens, and the 
accurate dating of droughts, wet spells 
and ancient human habitations by means 
of tree rings are among the topics to be 
discussed by Dr. Sears, and by Dr. An- 
drew E. Douglass, of the University of 
Arizona. 


A particularly large advance registra- 





attracting considerable advance 


as are the sessions on genetics, ¢ 





and heredity, and several others 


Frank B. Jewett, president of 
Telephone Laboratories and of 
tional Academy of Sciences, w 
one of the principal addresses 

Herbert Clark Hoover, who w 
Wednesday 


sive list of speakers in the socia 


evening, heads an 


field. Other notables include H 
Chinese Ambassador to the 
States, Dr. Wesley Clair Mitche 


fessor of economics at Columb 


versity and noted for his work on 
T) 


refugee problem will be consider: 


numbers and business cycles 
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t papers on ‘Forced Mass M 


istrial relations will be discussed 
six members of a Including 


m M National 
Relations Board : James M Lan 


panel, 
Leiserson, ot the 
dean of the Harvard Law School, 
Willits, 
ss } Sciences tor the 


Willits 


Josep! director for the 


> } 
Rocket 


eller 
Foundatio) Dr will act as 
rian 

Implications of modern 


The social 


tecture will be among the topics 

en up in the fine arts section by suc] 
speakers as Joseph Hudnut, dean of the 
Harvard University 
School, Frank LI 


development of 


T\ ol the 


} 


ana ovd 


\rchitectural 
Wright, 
; modern architecture 
; Two 


lress the 


pioneer in the 





distinguished Frenchmen w 
fields of 


Maritain 


tT} 
a 0 


in the 


eonterence 


rion and humanities: Di 


thor and philosopher or the ( 





stitute of Paris and the Institute of 


val Studies of Toronto \ | speak 
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on ‘“*Trends i bye S ‘} 
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| rorTeSSO!] (; so) I ~ 1) eNS 
mealeval pil ON ! t thre Colle 
France, and direct f the Inst 


Medieval! Stucties t the ty erat 


Toronto \"\ 


C ivi tio} 

In addition B ( 
ference, the provera +} are 
of Pennsylvania's Bicent W. 
Celebration fro s t er 16 1 2] 
will inelude tu . ntifi 


laborat 


hibits, 


strations 1 S 
ring of honorary < . 
aium and a 


other events 


(dn the atter) ) ~ ty; i) 


Philadelphia ( i 
campus, WI he } 
exercises which w ( 
tion of the U1 ersit ( 
nferring , 
President Fray n D. Roos Q 











BUILDING 
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Lyman Poore Duff. Chief Justice ot 
Both 
dent Roosevelt and Sir Lyman will de 


the 


the 
Presi 


Supreme Court of Canada 


liver addresses during convocation, 


it which President Thomas S. Gates of 
the university will preside; there also 
will be an address by Justice Owen .J 
Roberts, of the Supreme Court of the 


[ nited States 
At the closine eonvoeation on Septem 


ber 21, 


approximately five hundred dele 


THe National 

mittee was set up under an order of the 

: Couneil of National 
27, 1940 The 


committee ‘‘shall 


Defense Research Com 





Defense dated June 
that the 
support 


order recites 
correlate and 
the 


and devices of warfare, except those re 


° scientific research on mechanisms 


lating to problems of flight included m 


FIRST MEETING 


Scated. left to right 


OF THE 
> BRIGADIER GENERAI 


chairman, DR. RICHARD C. TOLMAN, 1 chairma 


: COMPTON, DR. 
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vates representing universities 
and learned societies at the B 
Celebration will be 


presel Tey 
and the university will confe 
degrees upon a score of me 
vuished in various fiel 
the program 


Governor Arthur H 


Will mInelude 


eames 


vania: President Gates. and Dr. | 
Wm. MeClelland, provost of 
versity of Pennsylvania H 


the field of activities of the N 


visory Committee for Aeronaut 
shall aid and supplement thx 
mental and research activities 


War and Navy 


conduct 


Departments 


research for the creat 
improvement of instrumenta 
materials of warfar 


ods and 


DEFENSE 


DR. JAMES B. 


RESEARCH 


COMMITTE!I 
CONANT, DR. VAN) 


IEWETT AND sfan 


/, AND REAR ADMIRAL HAROLD G, BOW! 
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out its Tunctions the commit 


mpowered to enter into contra 
vanizations and individuals. The 


S ot the committee are 


Bush, ¢/ 
I ( hey Ss 
{ I 
| iy i t Sel 
Inst ty g 
Adm 1H. G 
rnated | the S ( 
P. Coe 
ssion I s 


s B. Conan 
sident. Harvard Universit 


B. Jewett 


sident, Nationa \caden a> 
g General G. V. Strong 
ted by the S t f W 


committee will act in close coop 
on with the War and Navy Depart 


TS So far as possible the eoml 1 


tee expects to utilize existing facilities 

it will act directly only where there 
s reason for such direct action The 
ommittee is accumulating imformation 
is To special research facilities of aca 
lemic and industrial organizations whicl 
might be brought to bear upon particu 
ar defense research problems The re 
sponse which has already been received 
from seientists both in academic inst 


titi 


ons and in industry shows clearl) 
that the committee will have the cordial 
wperation of this entire scientific group 


tS eff. rts 


AWARD OF THE NOBEL 


THe will of Alfred Bernhard Nobel, 
ho died in 1896. prov ided that the bulk 
his vast munitions and oil fortune 
should be placed in trust for the estab 
shment of five annual prizes to be 
arded for contributions to physics, 
siology and medicine, chemistry, lit 
iture and peace. The will stated, ‘‘! 
‘lare it to be mv express desire that, 


the awarding of prizes, no considera 
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PROFESSOR RICHARD KUHN 


and Professor Leopold Ruzi¢ka of Zu- 
rich. Professors Kiihn and Butenandt 
are honored no less because the German 
government will no longer permit its 
subjects to accept Nobel Prizes. It took 
this stand in 1935 because Carl von Os- 
sietzky—then in a concentration camp 

was designated as the recipient of the 
Nobel Peace Prize 

Professor Richard Kiihn was born in 
Vienna on December 3, 1900. He 
achieved his early training under Will 
statter and became a privat dozent at 
the University of Munich in 1925. The 
next vear he went to Zurich as professor 





and at the age of 30 became he: 


department of chemistry of t 
Wilhelm Institute for Medical R¢ 
when it opened in Heidelberg 
In 1937 he was made directo. 
institute. 

Professor Kiihn’s investigati 
brace important contributions ft 
problems in organic and phys 
chemistry. His early work was 
field of pure organic chemistry 
he was able to synthesize and st 
behavior of long chains of unsat 
hvdroearbons This led natur 
the study of the carotenes, and 
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PROFESSOR LEOPOLD 


Kiihn made Important contribu 


ns to the knowledge of the structure 


vitamin A 
Simultaneously with Karrer, Kiihn 
escribed the constitution of riboflavin 
tamin B., and further showed its re 
1 onship to the vellow enzyme of War 
rg, which is involved in the oxidation 
sugar in the body cells His most 
went publications are concerned with 
he chemistry and biological properties 
certain substances found in lower 
rganisms. 
Although carried out in separate lab 


Profes 


tories, the investigations of 


sors Ruziéka and Butenandt in the field 
the male sex hormones are peculiarly 
plementary, and the joint award of 


1939 Nobel Prize in chemistry was 
ropriate. 
Professor Leopold Ruziéka, who was 


rn on September 13, 1887, at Vukovar, 


Ol a 
saved 
rare 


Marel 


mans 


Marburg 
i. 


remained 


the 


rni\ 


si 
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[kN 


RUZ 
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a a 
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of 
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PROFESSOR ADOLF FRIEDRICH JOHANNES BUTENANDT 


University of Danzig and in 1937 he be- 
came director of the Kaiser Wilhelm 
Institute of Biochemistry in Berlin. 
The training under Windaus, himself a 
Nobel Prize winner for his studies on 
the vitamin D and bile aeid steroids, 
provided a thorough basis for Buten- 
andt’s comprehensive investigations on 
the sex hormone steroids. 

Following the discovery by Zondek 
and Aschheim a little over a decade ago 
that the urine of pregnant women was 
rich in female sex hormones, Butenandt 
made important contributions to the 
knowledge of the structure of these com- 
pounds. In addition he worked out the 
formula of an inactive steroid, preg- 
nanediol, found in pregnaney urine by 
Marrian. Several vears later this sub- 
stance was shown to be an excretion 
product of progesterone, a pregnancy- 
maintaining principle of the ovary, 


whose formula had similarly been deter- 
mined by Butenandt. Of this demon- 
stration, Willard M. Allen, of the Uni- 
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versity of Rochester. wrote in 19 
fact that the structure of preg 
was already known was of cours 
greatest importance, and the b 
work of Butenandt establishing 
ture vears before it appeared to | 
relation to the sex hormones is a 
example of the value of scien 
own sake.’”’ 

Although the investigat 
Ruzi¢ka contributed substantial 
knowledge of the structure of th 
sex hormones, the landmarks of | 
the fiel: 


male sex hormones, which «d: 


are more pronounced i 


somewhat later. 

When attention turned to the s 
found in male urine, Butenat 
ceeded in isolating in 1934 the firs 
hormone in erystalline form 
19 


1935 the experiments definitel) 


sterone. Ruzicka deseribed 


lishing its chemical structure. H 
able to start with a common stero 
throughout the body, cholestero 
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ate chen lea treatment Trans 


nto the 





sterone 
ther male hormone. considerab 
potent than androsteron vas 
b\ Gallagher and hoe} hn extracts 
| testis By the time Laquer ha 
ted this hormone in crvstalline for 
Ruzi¢ka and Butenandt had sue 
ecl In preparing iT svinthetica \ 


cholesterol, and the structure 


stosterone, the most potent hha 
mone known, was proven 


Sutenandt demonstrated the struc 


another hormone in male urine, dehy 


androsterone, and showed its rela 


e. Later he was 


ship to androstero! 
whle to start with a vegetable steroid 


sviuthetically 


tigmasterol, and from 
duce both mate and emaie sex 
rmones 
Due to the complexity of the molecules 
the sex hormones, manv closely related 


vatives of these substances are the 









PERHAPS no effect produced in the 
anetarium is more popular than the 
ora. For several vears we have had 
e in the north and another in the 
ith, and it was a revelation to the 
diences to know that there were sout] 
as well as northern lights. While 
hese projection devices produce lieht 
atterns on the sky that resemble some 
pes of auroral displays, they do not 
ow the cause of this ghostly light 
To supply this need we have built a 


vlow tube demonstrator that is shown 


‘scree 





ul simply explained in the preliminary 
ik that precedes each planetarium 
emonstration. In order to make the 
nection with northern lights clear 
built the tube into a sky background 
d concealed the apparatus 

lhe glass tube is about 4 feet long and 
nches in diameter, made of Pyrex 


iss. In each end is an electrode made 
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AN AURORA IN A TEST-TUBE 


fiber tubes tor 


acTOSS illuminates 
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GEISSLER TUBI 


THE ** AURORA-PRODUCING”’ 


is not a bad name as that is exactly what alnico magnet these rines 


moved alone n 


This unstable condition various 
I end of about six 


Ol 


they look like 


minutes 


1 


way to a steady State 
pr< 


finally gives 
rlow Is opened and the tube 

After further reduction of 
about two inches No 


phy sies of either this Geissle) 


pressure atmospheric pressure 


bright spots appear attempt is made to 


apart along the tube. By means of an 


PROJECTED ON PLANETARIUM 


AGAINST THE NORTHERN SKY, W H Ht 


THE ‘‘NORTHERN LIGHTS”’ 
BRIGHT-COLORED STREAMERS ARE SEEN 
ABOVE THE HORIZON 
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The 


the source of this auroral 


simple explanation i 





fiow 1 





spots and the similarity to the 






al energy from the transforme! 
<hausting of the tube is compared 
ng high up into the stratosphere 





The mag 
attracting 


vhe the aurora 


nfluence of the earth 





appears 





} 


ana causing it to move so Invster! 





illustrated with the magenet’s 


s is 





on the tube’s light 





[he experiment has proved most inter 







sting and is one of a series that we 
ertorm each month to illustrate some 
if the month’s topie A somewhat 









OLD-FASHIONED molasses is placed at 
head of the list of iron-containing 
xls that are useful in the treatment of 
itritional anemia, by the studies r 
TiN completed at the Massachusetts 


Institute of Technology 
They show that the old childhood deli 
ey of molasses on bread may have been 
medicine for children, 


a good crowing 


mong whom, as they found, nutritional 
With experiments 
n the test-tube and on rats, Dr. Robert 
S. Harris, Dr. John W. M. Sunker and 
L. Maleolm Mosher have that 


molasses is a rich. easily 


emia is prevalent 


found 
available and 


ft food iron 


relatively inexpensive source « 


In effectiveness, it compares favorably 
with chemicals customarily injected into 
the blood of anemic people 

That the poorer and less refined grades 
that 


of molasses are richer in iron ean 
build hemoglobin 
the blood 
corpuscles) than the higher grades is also 
the 
lasses is a by-product of the manufac 


the re 


he used by the body to 


the red coloring matter in 


revealed by experiments. Since 


ire of sugar from sugar cane, 


val of greater amounts of sugar from 
cane leaves more concentrated 
the other 


m iron. 


resi 


es of constituents, among 
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A tab nas tf 
stitute ’s biochemists . } 
of molasses t] S sal 
inl ll pal Sol Viti 
that conta I \l SSCS ~ 
the top of the list, wit 6.1 
ot usable i per LOO_OO0O parts | 
of molasses. Beet ver stands s 
with 5.6 parts per 100.000 
third | 16 Ap . 
raisins, S xt t < 
especial \ lable , 
were | na } 
thirds, a halt ma | ‘ 
as muet! sable . w 
Sp hac! S il \ tT? ~ 
0.5 part per 100,000 

The Institute s sts | 
serving that rece | 
anemia have sh ! hat t 
disorder is more pr 
suspected More tha 4() 7 
infants are anen a the D 
high as 70 per cent t ! 
found to be deficient in it ' 
viduals were found with absolut 
mal blood 
known to be rich ray) hit t} 
was known about | ! h of tl 
the bod) al Se } roces 





9Q” 


different 
the other 


investigate by means of two 


methods—one biological and 
chemical 

In the biological tests, a group of rats 
was fed on diet low in iron for about a 
month to produce a nutritional anemia. 
Then measured amounts of three grades 
of molasses added to their 


Subsequent tests of the blood from the 


were diets 


rats showed that the molasses caused defi 
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nite increases in the amounts 
elobin, the less refined the mi 
better the results. 

In the chemical tests, the al 
‘‘ionizable’’ or soluble iron 
directly by 


the value 


measured 
Of course, 


were 
methods. 


as a source of iron is not meas 


total iron content, but by the ar 


its ‘‘usable’’ iron. 


A MILLION VACCINATIONS FOR YELLOW FEVER 


Just as the workers of the Rockefeller 
Foundation were concluding, a few years 
that the which 
produces vellow fever had become as ex 
the Dodo, this 


reappeared in various 


ago, organism (virus) 


disease 


South 


tinet as serious 
areas in 
America. It struck in many places from 
500 miles north of the equator to 2,000 
miles south of it, from the eastern slopes 
of the Andes to the mouth of the Ama- 
zon, from sea level to an altitude of 5,000 
feet 40,000,000 persons 


were exposed to the attacks of an in- 


Approximately 


visible and deadly enemy against which 
they had no means of protection. 

All earlier vellow fever was trans 
mitted to the Aédes 


aegypti mosquito, the life evele of the 


human beings by 


being mosquito-man- 
mosquito. the 
could be stamped out by destroying all 
human beings or all infected 
the latter for 
The new vellow fever virus 


causative virus 


Consequently disease 
infeeted 
mosquitoes were chosen 
the sacrifice. 
has not been found to be transmitted to 
man by any mosquito; in some unknown 
way it steals out of the jungle and slays 
different 


indistin- 


its victims. In spite of its 


method of transmission, it is 
guishable from the earlier form both in 
its effects upon and in 
their acquiring immunity to it. The two 
strains of virus producing the disease dif- 


human beings 


fer sensibly only in the host for a part 
of their life evele. 


Although mosquitoes are not 
the new strain of vellow fever 
is not necessary to destroy Its « 
known hosts, human beings 
prevent its spread. In 1937 
Virus 17 D, was developed in t! 
the International H: 
the Rockefeller Fy 
after a period of experimentat 
the 1937 
persons had been vaccinated y 
17 D; at the end of 1938 th 


vaccinated had reached 1,059,252 


tories of 
vision of 


monkey Ss. By end ot 


ing the year only eight cases 

fever developed among persons W 
been vaccinated, and in six of thes 
the onset of the disease was wit! 
The 


believed to be effective for at least 


days of vaccination. imn 
perhaps longer. 

In his ‘‘Review’’ of the work 
Rockefeller Foundation 1938 
Raymond B. Fosdick suggests t] 


for 


quering disease may be a moral eq 
lent of war. Certainly those wh« 

a large part of their lives in Bi 
The 


what it is to remain steadfast duri 


jungles have high adventure 


periods of uncertainty ; they tast: 
The 
with that restless energy that is | 
man to control all the world except 
self. Often they, too, stand at 
mopylae or a Karelian Isthmus 


F.R 


feats as well as of victories. 





